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EDITOR'S PREFACE 



TO THE 



FIFTH EDITION. 



This Edition of Dr. Fresenius's Qualitative Chemical Analysis, thongh 
simplj professing to be a translation from tbe Nikth Gebman Edition, 
is really very much in advance of that work ; it contains a large amount 
of important original matter commimicated by the Autbor during tbe 
time it was passing tbrougb tbe press. Spme of tbe sections bave also 
been remodelled, to adapt tbem to tbe<ixip)re'^VäJCbbed State of scientific 
Instruction. ^,7 / > - ^-^3 

It is very gratifying to tbe Editof"^W5(ted^t]}^'J^t"^^ tte 

numerous and important Englisb works^on;|}]^mi'cal analysis publisbed 
witbin tbe last few years, tbe valuable system of Dr. Fresenius still 
enjoys tbe undiminisbed confidence of Britisb cbemists. 

In conclusion, tbe Editor expresses a bope tbat tbe present edition 
will receive tbe same amount of favor as tbe former works of tbe dis- 
tinguisbed Autbor. 

J. LLOYD BTJLLOCK. 

3, Hanoybr Street, W. 
October, 1859. 



EDITOK'S PREFACE. 



This work of Dr. Eresenins has alreadj gone through two editions in 
Gennanj. The abundant opportunities enjoyed by its Author of dis- 
covering the "wants felfc bj students in entering upon tbe practice of che- 
mical analyas, and bis position in the School of Giessen, have enabled 
him to devise a metbod of study of the highest value. That it has re- 
ceived the approbation of the illostrions head of that school, and the 
benefit of three years' practica! experience under his immediate Observa- 
tion, must powerfolly recommend it to the English student of chemistry. 
Whoever is desirous of obtaining the knowledge necessary to become a 
practical chemist, will be in no small degree indebted to Dr. Fresenius 
for the facilities thus afforded him. Every one who knows anything of 
Giessen, will bear testimony to the rigid economy of time, and the reso- 
lute adoption of every improvement in method which characterize that 
school, and serve to accomplish the many chemists annually fiockiug 
there for the completion of their studies. The Author, in his Prefitce to 
the First Edition, teils us that he was led to compose this volume upon 
perceiving that the larger works on chemical analysis, such as H. Kose's^ 
Duflos's, and others, although admirable in themselves^ present great 
difficulties to beginners, which difficulties may be summed up under 
three heads ; Ist, Too great copiousness and detail; 2nd, The absence of 
explanations of the causes of phenomena, i, e, the theory of the Opera- 
tions and reactions ; and 3rd, The Omission altogether of many substances 
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of very freqnent occurrence, especially in the operatioDS of the pliarma- 
ceutist, such as the organic acids, <fec. 

In avoiding these objections to former works on chemical analysis, 
Dr. Fresenius, I think, is not chargeable with baving fallen into the 
opposite extreme of being too concise or elementar^. 

The Student may, perhaps, at first be disappointed in taking up this 
work to find that there are no tables constructed to fumish him at a 
glance with all he is desirous to know of tests and reactions, and to save 
him, as he may think, trouble and time. But this has not arisen from 
oversight ; the question of the advantage or disad van tage of tables to 
the Student has been fuUj considered, and the Author has decided — and 
the decision is bome out bj the highest authorities — that such tables 
serve no reallj good purpose ; they rather, on the contrary, supply but 
very superficial Information, and satisfy the student before they have 
really informed him. The Information contained in this work, like 
every other professing to teach a practical science, requires application 
and perseverance to attain ; but if begun at the beginning, if the student 
will carefully go over the necessary preliminary facts, the examination 
of his tests, and the reaction of the simple bodies consecutively, and 
make himself master of this very simple and elementary part of the 
course, he will find few or no difficulties when entering upon the more 
elaborate, and — what might appear, without this preparation — complex 
and intricate processes of the Second Part, the analysis of Compound 
bodies. It is altogether another question whether the student should 
or should not exercise himself and his memory by tabulating the results 
of his experiments as he proceeds ; and to this question we reply in the 
affirmative j but it must be left to individuals to act in this according 
to their own judgment, and their own feeling of its necessity. 

In the Preface to the Second Edition, Dr. Fresenius teils us that his 
work has met with much success, having been adopted in the Pharma- 
ceutical Institution of Bonn, &c., as well as in the laboratory of Glossen ; 
and that he has improved it by many corrections and additions. 
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For my own pi^rt, I may be allowed to observe that tbe English 
Edition was underiaken by the express desire of Professor Liebig, wlio 
kindly recommended its being intrusted to my care. The Author Las 
supplied me with many corrections, and some additions, and the hope 
is shared by us in common that it will facilitate the study of analytical 
chemistry to the English student, and in every way serve to promote 
the interests of the science. 

J. LLOYD BULLOCK 

22, CoNDUiT Strebt, 
October 1, 1843. 
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PRELIMINARY REMARKS. 



DEFINITION, OENERAIi PRINCIPLES, OBJECTS, UTILITY, AND IMPORTANCE 
OF QUALTTATITE CHEMICAL ANALT818, THE CONDITIONS AND BEQUIBE- 
ICENTS FOB A 8UCCES8FUL STUDY OF THAT SCIENCE. 

Chemistby is the soience which treats of the various materials entering 
into the structure of the earth, their composition and decomposition, 
their xnutual relations and deportment in general. A special brauch 
of this science is designated Analyticcd Ghemiatryy inasmuoh as it 
puTsues a distinct and definite object — ^viz., the analysis of Compound 
bodies, and the examination of their component elements. Analy- 
tical chemistry, again, is subdivided into two branches — ^yiz., quoMtcUive 
analysis, which simply studies the natu/re and properties of the com- 
ponent parts of bodies ; and quantitative cmcUysis, which ascertains the 
qiMjmtity of every individual dement present. The ofßce of quali- 
tative analysis, therefore, is to exhibit the constituent parts of a substance 
of unJcnotün composition in forms of knoton composition, from which the 
Constitution of the body examined, and the presence of its several 
component elements may be positively inferred. The efficiency of its 
method depends upon two conditions — yiz., it must attain the object in 
view with unerring certainty, and in the most expeditious manner. The 
object of quantitative analysis, on the other band, is to exhibit the 
elements revealed by the qualitative investigation in forms which will 
permit the most accurate estimate of their weight, or to efiect by other 
means the determination of their quantity. 

These difierent ends are, of course, attained respeotively by very 
different ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from that of quantitative analysis, and 
must naturally precede it. 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now still to consider, in the first place, the preliminary 
information required to qualify students for a successful cultivation of 
this brauch of science, the rank which it holds in the domain of 
chemistry, the bodies that fall within the sphere of its Operations, and its 
Utility and importance ; and, in the second place, the prindpal parts into 
which its study is divided. 

L B 




2 PKELIMINAET REMARKS. 

It is, above aU, absolutelj indiäpensable for a successful purauit of qua- 
litative investigations, that the Student should possess some knowledge 
of the chemical elementa, aod of their most important combinations, as 
well as of the principles of chemistry in general ; and that he should 
cpmbine with thls knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands, more- 
over, strict order, great neatness, and a certain skill in manipulation. If 
the Student joins to these qualifications the habit of invariablj ascribing 
the &ilure8 with which he maj happen to meet, to some error or defect 
in bis Operations, or, in other words, to the absence of some condition or 
other indispensable to the success of the experiment — and a firm reliance 
on the immutability of the laws of nature cannot fail to create this habit 
— ^he possesses everj requisite to render his study of analjtical che- 
mistry successful. 

Now, although chemical analysis is based on general chemistry, and 
cannot be cultivated without some previous knowledge of the latter, yet, 
on the other band, we have to look upon it as one of the main piUars 
upon which the entire structure of the science rests ; since it is of almost 
equal importance for all branches of theoretical as well as of practical 
chemistry ; and I need not expatiate here on the advantages which the 
physician, the pharmaceutist, the mineralogist, the rational farmer, the 
manufacturer, the artisan, and many otbers derive from it. 

This consideration would surely in itself be sufficient reason to re- 
commend a thorough and diligent study of this brauch of science, eyen it 
its cultivation lacked those attractions which yet it unquestionably pos- 
sesses for every one who devotes himself zealously and ardently to it. 
The human mind is constantly striving for the attainment of truth ; it 
delights in the Solution of problems ; and where do we meet with a 
greater variety of them, more or less difficult of Solution, than in the 
province of chemistry 1 but as a problem to which, afber long pondering, 
we £ul to discover the key, wearies and discourages the mind : so, in 
like manner, do chemical investigations, if the object in view is not 
attained — if the results do not bear the stamp of truth, of unerring 
certainty. A half-knowledge is therefore, as indeed in every department 
of science, but more especially here, to be considered worse thanno know- 
ledge at all ; and a mere superficial cultivation of chemical analysis is 
consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view — viz., 
either, Ist, to prove that a certain body is or is not contained in a sub- 
stance, e,g, lead in wine ; or, 2nd, to ascertain aU the constituents of a 
chemical Compound or mizture. Any substance whatever may of course 
become the object of a chemical analysis. 

In the present work, however, we purpose to confine ourselves to 
those Clements and Compounds which are more generally employed in 
pharmacy, in the arts and manufactures, and in agiiculture. 

The study of qualitative analysis is most properly divided into four 
principal parts — ^viz., 

1. Chemical Operations. 

2. e.eagents and their oses. 

3. Deportment dp the varioüs bodies with reaoents. 

4. Systematic oourse of qualitative analysis. 

It will now be readily understood that the pursuit of chemical 



§§ 1, 2.] OPERATIONS. 8 

analjsis requires practical skill and ahüity, as well as theoretical know^ 
ledge ; and that, consequently, a mere speculative study of that scieoce 
can be as little expected to lead to success as purely empirical expe- 
riments. To attain the desired end, theory and practice must be com- 
bined. 



SECTION I. 

OPERATIONS. 

§ 1. 

The Operations of analytical chemistry are essentially tbe same as 
those of synthetical chemistry, thoiigh modified to a certain extent to 
adapt them to the different object in view, and to the small quantities 
operated upon in analytioal investigations. 

The foUowing are the principal Operations in qualitative analysis. 

§ 2. 

1. Solution. 

The term " soltUion** in its widest sense, denotes the perfect union of 
a body, no matter whether gaseous, liquid, or solid, with a fluid, resulting 
in a homogeneous liquid. However, when the substance dissolved is 
gaseons, the term " abaorptionP is more properly made use of ; and the 
Solution of one fluid in another is more generally called a mixture. The 
application of the term Solution, in its usual and more restricted sense, 
is conflned to the perfect union of a solid body with a fluid. 

A Solution is the more readily eflected the more minutely the body to 
be dissolved is divided. The fluid by means of which the Solution is 
eflected, is called the solvent. We call the Solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple, where no definite combination takes place. 

In a simple Solution the dissolved body exLsts in the free state, and 
retains all its original properties, except those dependent on its form and 
cohesion ; it separates unaltered when the solvent is withdrawn. Com- 
mon Salt dissolved in water is a familiär instance of a simple Solution. 
The Salt in this case imparts its peculiar taste to the fluid. On evapo- 
rating the water, the salt is left behind in it-s original form. A simple 
Solution is called saturated when the solvent has received as much as it 
can hold of the dissolved substance. £ut as fluids dissolve generally 
larger quantities of a substance, the higher their temperature, the term 
aaturcUed, as applied to simple Solutions, is only relative, and refers 
invariably to a certain temperature. It may be laid down as a general 
rule, that elevation of temperature facilitates and accelerates simple 
Solution. 

A chemical Solution contains the dissolved substance not in the same 
State nor possessed of the same properties as before ; the dissolved body 
is no longer free, but intimately combined with the solvent, which latter 
also has lost its original properties ; a new substance has thus been pro- 
duced, and the Solution manifests therefore now the properties of thia 
new substance. A chemical Solution also may be acceUraied by elevation 
of temperature j and this is indeed usually the case, since heat generally 
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4 SOLUTION. [§ 2. 

promotes the action of bodies upon each other. But the quantily of the 
dissolved body remains always the same in proportion to a given 
qiiantity of the solvent, whatever may be the difference of temperature — 
the combining proportions of substances being invariable, and altogether 
independent of the gradations of temperature. 

The reaäon of this is, that in a chemical Solution the solvent and the 
body upon which it acts have invariably opposite properties, which they 
strive mutually to neutralize. Further Solution ceases as soon as this 
tendency of mutual neutralization is satisfied. The Solution is in this 
case also said to be saturated or, more properly, neutralized, and the 
point which denotes it to be so is termed the point of Saturation or neu- 
tralization. The substances which produce chemical Solutions are, in 
most cases, either acids or alkalies. With few exceptions, they have 
first to be converted to the fluid state by means of a simple solvent. 
When the opposite properties of acid and base are mutually neutralized, 
and the new Compound is formed, the actual transition to the fluid state 
will ensue only if the new Compound possesses the property of forming a 
simple Solution with the liquid present ; e.g. when Solution of acetic 
acid in water is brought into contact with oxide of lead, there ensues, 
flrst, a chemical combination of the acid with the oxide, and then a 
simple Solution of the new-formed acetate of lead in the water of the 
menstruum. 

In pharmacy, Solutions are ofben made in a mortar having a lip, by 
triturating the body to be dissolved with the solvent added gradually in 
small quantities at a time ; in chemical laboratories Solutions are rarely 
made in this manner, but generally by digesting or heating the substance 
to be dissolved with the fluid in beaker-glasses, flasks, test-tubes, or 
dishes. In the preparation of chemical Solutions, the best way generally 
is to mix the body to be dissolved in the first place with water (or with 
whatever other indifferent fluid may happen to be used), and then 
gradually add the chemical agent. By this course of proceeding a large 
excess of the latter is avoided, an over-energetic action guarded against, 
the process greatly feusilitated, and complete Solution ensured, which is a 
matter of some importance, as it will not seldom happen in chemical 
combinations that the product formed refuses to dissolve if an excess of 
the chemical solvent is present ; in which case the molecules first formed 
of the new salt, being insoluble in the menstruum present, gather round 
and enclose the portion still unacted on, weakening thereby or preventing 
altogether further chemical action upon them. Thus, for instance, 
Witherite (carbonate of baryta) dissolves readily when, after being 
reduced to powder, water is poured upon it, and hydrochloric acid 
gradually added ; but it dissolves with difficiüty and imperfectly when 
projected into a concentrated Solution of hydrochloric acid in water, 
for Chloride of barium will indeed dissolve in water, but not in hydro- 
chloric acid. 

Crystallization and precipitation are the reverse of Solution, since 
they have for their object the con Version of a fluid or dissolved substance 
to the solid state. As both generally depend on the same cause, viz., on 
the absence of a solvent, it is impossible to assign exact limits to either ; 
in many cases they merge into one another. We must, however, con- 
sider them separately here, as they differ essentially in their extreme 
forms, and as the special objects which we purpose to attain by their 
application are generally very different. 



§§ 3, 4.] CRYSTALLIZATION. 5 

§ 3. 
2, Cbystaluzation. 

We understand by tlie term crystallization, in a more general sense, 
every Operation, or process, whereby bodies are made to pass from the 
fluid to the solid state, and to assume certain flxed, matlieniatically 
definable, regulär forma. But as these forms, which we call crystals, are 
the more regulär, and consequently the more perfect, the more slowly 
the Operation is carried on, we always connect with the term " crystal- 
lization*' the accessory idea of a slow Separation — of a gradwal conversion 
to the solid state. The formation of crystals depends on the regulär 
arrangement of the ultiroate constituent particles of bodies (moleciUea or 
atoms) ; it can only take place, thei*efore, if these atoms possess perfect 
freedom of motion, and thus in general only when a substance passes 
from the fluid or gaseous to the solid state. Those iustances in which 
the mere ignition, or the softening or moistening of a solid body, ätiflices 
to make the tendency of the molecules to a regulär arrangement (crystal- 
lization) prevail over the diminished force of cohesion — such as, for 
instance, the tuming white and opaque of moistened barley-sugar — are 
to be regarded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of a 
substance must be remoyed. These causes are either hecU alone, e.g,, in 
the case of fused metals ; or solverUs ahne, as in the case of an aqueous 
Solution of common salt ; or hoth cornbinedf as in the case of a hot satu- 
rated Solution of nitrate of potaasa in water. In the first case we obtain 
crystals by cooling the fused mass ; in the second, by evaporating the 
menstruum ; and in the third by either of these means. The most 
frequently occurring case is that of crystallization by cooling hot saturated 
Solutions. The liquors which remain after the Separation of the crystals 
are called mother-waters, or mother-liquora, The term amorphous is 
applied to such solid bodies as have no crystalline form. 

We have recourse to crystallization generally either to obtain the 
crystallized substance in a solid form, or to separate it from other sub- 
stances dissolved in the same menstruum. In many cases also the form 
of the crystals or their deportment in the air, viz., whetber they remain 
unaltered or effloresce, or deliquesce, upon exposure to the air, will aflbrd 
an excellent means of distinguishing between bodies otherwise resembling 
each other ; for instance, between sulphate of soda and sulphate of potassa. 
The process of crystallization is usually effected in dishes, or, in the case 
of very small quantities, in watch-glasses. 

In cases where the quantity of fluid to be operated upon is only 
small, the surest way of getting well-formed crystals is to let the fluid 
evaporate in the air, or, better still, linder a bell-glass, with an open 
vessel half-filled with concentrated sulphuric acid. Minute crystals are 
examined best with a lens, or under the microscope. 

§4. 

3. Precipitation. 

This Operation diflers from the preceding one in this much, that the 
dissolved body is converted to the solid state, not slowly and gradually, 



6 FILTEATION. [§ 5. 

but sudderdy^ no matter wliether the substance separating is crystalline 
or amorphous, whether it sinks to the bottom of the vessel, or ascends, 
or remains suspended in the liquid. Precipitation iB either caused by a 
modification of the solvent — thus sulphate of lime (gypsum) separates 
inimediately from its Solution in water upon the addition of alcohol ; or 
it ensues in consequence of the Separation of an educt insoluble in the 
menstruum — thus when ammonia is added to a Solution of sulphate of 
alumina^ the latter salt is decomposed, and the alumina, not being 
soluble in water, precipitates. Precipitation takes place also when, by 
the action of simple or double chemical affinity, new Compounds are 
formed which are insoluble in the menstruum ; thus Oxalate of lime 
precipitates upon adding oxalic acid to a Solution of acetate of lime ; 
Chromate of lead upon mixing Chromate of potassa with nitrate of lead. 
In decompositions of this kind, induced by simple or double affinity, one 
of the new Compounds remains generally in Solution, and bhe same is 
sometimes the Case also with the educt ; thus in the instances just men- 
tioned» the sulphate of ammonia, the acetic acid, and the nitrate of 
potassa, remain in Solution. It may, however, happen also that both 
the product and the educt, or two products, precipitate, and that nothing 
remains in Solution ; this is the case, for instance, when a Solution of 
sulphate of magnesia is mixed with water of baryta, or when a Solution 
of sulphate of silver is precipitated with chloride of barium. 

Precipitation is resorted to for the same purposes as crystallization, 
viz., either to obtain a substance in the solid form, or to separate it from 
other substances dissolved in the same menstruum. But in qualitative 
analysis we have recourse to this Operation more particularly for the 
purpose of detecting and distinguishing substances by the color, pro- 
perties, and general deportmeut which they exhibit when precipitated 
either in an isolated State or in combination with other substances. The 
solid body separated by this process is called the precipitates aiid the sub- 
stance which acts as the immediate cause of the Separation is termed the 
precipitcmt. Various terms are applied to precipitates by way of par- 
ticularizing them according to their different nature ; thus we distin- 
guish cryste-Uine, pulverulent, flocculent, curdy, gelatinous precipitates, &c. 

The terms twrhid, twrhidityt are made use of to designate the state of a 
fluid which contains a precipitate so finely divided and so inconsiderable 
in amount, that the suspended particles, although impairing the trans- 
parency of the fluid, yet cannot be clearly distinguished. The Separation 
of flocculent precipitates may generally be promoted by a vigorous shake 
of the vessel ; that of crystalline precipitates, by stirring the fluid and 
rubbing the sides of the vessel with a glass rod ; elevation of tempera- 
ture is also an effective means of promoting the Separation of most pre- 
cipitates. The process is therefore conducted, according to circumstances, 
either in test-tubes, flasks, or beakers. 



The two Operations described respectively in §§ 5 and 6, y\z., filtration 
and decantatiorif serve to eflect the mechanical Separation of fluids from 
matter suspended therein. 

§5. 

4. Filtration. 

This Operation consists simply in passing the fluid from which we wish 
to remove the solid particles mechanically suspended therein through a 
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filtering apparatus, formed usually by a properly arranged piece of unsized 
paper placed in a funnel ; an apparatus of this description allows the 
fluid to trickle through with ease, whilst it completely retains the solid 
particles. We employ smooth Alters and plaited Alters ; tlie former in 
cases where the separated solid substance is to be made use of, tbe latter 
in cases where it is simply intended to clear the Solution. Smooth Alters 
are prepared by double-folding a circular piece of paper, with the folds 
at right angles ; they must in every part fit close to the funnel. The 
preparation of plaited Alters is more properly a matter for ocular 
demonstration than for description. In cases where the Contents of the 
Alter require washing, the paper must not project over the rim of the 
funnel. It is in most cases advisable to meisten the Alter previously to 
passing the fluid through it ; since this not only tends to accelerate the 
process, but also renders the solid particles less liable to be carried 
through the pores of the Alter. The paper selected for Alters must be as 
free as possible from inorganic substances^ especially such as are dissolved 
by acids, e.^., sesquioxide of iron and lime. The common Altering paper 
of commerce seldom comes up to our wants in this respect, and T would 
therefore always recommend to wash it carefuUy with dilute hydrochloric 
acid whenever it is intended for use in accurate analyses, With the 
stronger sorts of paper this may be done by placing the paper cut in 
circular discs, in a layer of moderate thickness, in a shallow porcelain 
dish, pouring over it a mixture of one part of hydrochloric acid or nitric 
acid with about nine parts of water, and letting it digest for several hours 
at a moderate heat. The fluid is then poured off, and the paper repeatedly 
washed with water (Anally with distilled water), until litmus paper is 
no longer reddened by the washings : the water is then drained off, 
and the entire layer is carefuUy transferred to a quire of blotting- 
paper, and left there until they can be taken off singly without injury; 
tltey are then hung up to dry on lines in 
a place free firom dust With the Aner 
sorts of paper (Swedish paper) I prefer 
washing the Alters in the ftinnel. To this 
end tlfey are Arst sprinkled with a little 
moderately diluted hydrochloric or nitric 
acid, and then thoroughly washed with 
water, Anally with distilled water. Fil- 
tering paper, to be considered good, must, 
besides being pure, also let fluids pass 
readily through, whilst yet completely re- 
taining even the finest pulverulent preci- 
pitates,such as sulphate ofbaryta, Oxalate 
of lime, <&c. If a paper satisfying these 
requii'ements cannot be readily procured, 
it is advisable to keep two sorts, one of 
greater density for the Separation of very 
Anely divided precipitates, and one of greater porosity for the speedy 
Separation of grosser particles. The funnels must be of glass or por- 
celain (§ 14, 10) ; they are usually placed on an appropriate stand, to 
keep them in a Axed position. The stand shown in Fig. 1 is particularly 
well adapted for the reception of the small-sized funnels used in quali- 
tative analyses. 





Fig. 1. 
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M- 

0. Decabtatiok. 

This Operation is frequently re«orted to instead of filtmtion, in cases 
where the solid partioles to be romoved are of considerably greater 
specific gravity thaii the liqnid iu which they are siiapended i as they will 
in sach caees speedily subside to the bottom, thereby reuderiug it easy 
either to decant the supeniataDt fluid by aimply inolining the vessel, or 
to draw it off by meana of a syphon or pipette. 

In casea vhere filtration or decantation are resorted to fbr the poipose 
of obtaiuing the solid aubstanoe, the latter has to be freed afterwards by 
repeated wasbiug from the liquid still adhering to it This Operation ia 
termed uxiehing or edtUeoratitm. The vaahing of precipitates collect«d 
on a filt«r is uaualty eöected by means of a waahing bottle, suoh as ia 
shown in Fig. 2. 





Pig. 2. Fig. 3. 

Thia washing bottle conaists of a flaat cloaed with a perforated cork, 
into which a small glass tube is fitted, with the outer end drawn out to 
a fine point. By blowing air into the flask through thia tube and, wben 
tbe air is sufficiently compressed, reversing the fiask, so os to place the 
inner aperture of the tube under water, a fine jet of that fluid ia ex- 
pelled with a certaiu degree of force ; this contrivance ia well adapted 
for washing precipitatea. Fig. 3 represents a washing bottle of a dif- 
ferent construction, whiob is used more especially to waah precipitates 
with boiling water, and affords also the advant^e that it enables the 
Operator to produce an uninterrupted jet of water. The drawing needs 
no explanation ; the outer end of the tube a is drawn out to a fine point. 
An India-rubber cap fitted with two tubes may be uaed instoad of the 
donble-perfbrated coik. 

There are four Operations which serve to separate volatile substances 
from letn volatile or from fixed bodiea, yiz., eoaporatum, distÜladon, 
ignüion, and tubliTnalion. The two former of theae operatiooa are ap- 
plied ezclusirety to fluids, the two latter exclusively to solida. 
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§7. 

6. EvAPORATION. 

This Operation is of very frequent occurrence. It serves to separate 
volatile fluids from less volatile or from fixed bodies (no matter whether 
solid or fluid), in cases where the residuarj substance alone is of im- 
portance, whüst the evaporating matter is entirely disregarded ; — ^thup, 
for instance, we have recourse to evaporation for the purpose of removing 
from a saline Solution part of the water, in order to bring about crjstal- 
lization of the salt ; we resort to this process also for the purpose of re- 
moving the whole of the water of the menstruum from the Solution of a 
non-crystallizable substance, so as to obtain the latter in a solid form, 
<fcc. The evaporated water is entirely disregarded in either of these 
cases, the only object in view being to obtain, in the former case a more 
concentrated fluid, and in the latter a dry substance. These objects are 
inyarial^ attained by Converting the fluid which is to be removed to 
the gaseous state. Thia is generally done by the application of heat ; 
sometimes also by leaving the fluid for a certain time in contact with 
the atmoe^here, or with an enclosed volumeof air constantly kept dry by 
hygroBCopic substances, such as concentrated sulphuric acid, chloride of 
calciam, Ao. ; or, lastly, in many cases, by placing the fluid in rarefied 
air, with simultaneous application of hygroscopic substances. As it is 
of the utmost importance in qualitative anaJyses to guard against the 
least contamination, and as an evaporating fluid is the more liable to 
this the longer the Operation lasts, the process is usually eonducted, with 
proper expedition, over the flame of a spirit or gas-lamp, in a separate 
place free from dust and not exposed to draughts of air. If the Operator 
has no place of the kind, he must have recourse to the much less suitable 
proceeding of covering the dish ; the best way of doing this is to place 
over the dish a large glass funnel secured by a retort holder, in a manner 
to leave sufficient space between the rim of the funnel and the border of 
the dish ; the funnel is placed slightly aslant that the drops running 
down its sides may be received in a beaker. Or the dish may also be 
covered with a sheet of Alter paper previously freed from inorganic sub- 
stances by washing with dilute hydrochloric or nitric acid (see § 5) ; 
were common aud unwashed fi Iter paper used for the purpose, the sesqui- 
oxide of iron, lime, <fec., contained in it, would dissolve in the vapors 
evolved (more especially if acid), and the Solu- 
tion dripping down into the evaporating fluid 
would speedüy contaminate it. These precau- 
tions are necessary of course only in accurate 
analyses. Larger qnantities of fluid are eva- 
porated best in glass flasks standing aslant, 
covered with a cap of pure filtering paper, 
over a charcoal fire or gas ; or also in retorts. Fig. 4. 

Evaporating processes at 212° are eonducted 

in an appropriate steam apparatus, or in the water-baths shown in 
Fig. 4. 

§ 8. 

7. DlSTlLLATlON. 

This Operation serves to separate a volatile liquid from a less volatile 
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or a fixed substance (no matter whether solid or fluid), where the object 
is to recover the evaporating fluid. In order to attaiu this object, it is 
neceasary to reconvert the liquid from the gaseous form in which it eva- 
porates, into the fluid State. A distilling apparatus consists cousequently 
always of three parts, no matter whether admitting of Separation or not. 
These three parts are — Ist, a vessel in which the liquid to be distilled is 
heated, and thus converted into vapor ; 2nd, an apparatus in which this 
vapor is cooled again or Condensed, and thus recouverted to the fluid 
State j and 3rd, a vessel to receive the fluid thus reproduced by the con- 
densation of the vapor (the distillate). For the distillation of large 




Fig. 5. 



quantities we use either a metallic apparatus (a copper still with 
head and condenser made of tin or pewter), or large glass retorts ; 
in analytical investigations we generally employ the apparatus shown 
in Fig. 5. 

§9. 

8. Ignition. 

Ignition is, in a certain measure, for solid bodies what evaporation is 
with regard to fluids; since it serves (at least generally) to separate 
volatile substances from less volatile or from fixed bodies, in cases where 
the residuary substance alone is of importance. The process of ignition 
always presupposes the application of a high temperature, in which it 
diflers from that of drying or exsiccation. The form or state which the 
eliminated substance assumes on cooling — whether it remains gaseous, as 
in the ignition of carbonate of lime ; or assumes the liquid state, as in 
the ignition of hydrate of lime ; or solidifies, as in the ignition of a 
mixture containing chloride of ammonium — is a matter of perfect indif- 
ference as regards the name given to the Operation. 

The process of ignition is mostly employed, as has just been said, to 
effect the elimination of a volatile body. In some instances, however, 
substances are ignited simply for the purpose of modifying their state, 
without any volatilization taking place j thus the sesquioxide of chro- 
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mium is converted by ignition into its insoluble modification, &c. In 
analjtical investigations substances under examination are often ignited 
also, that the Operator may from their deportment at a red beat draw a 
conclusion as to tbeir nature in general ; their fixity, their fusibility, 
the presence or absence of organic matter, &c. 

Crucibles are the vessels made use of in ignition. In Operations on a 
large scale Hessian or black-lead crucibles are used, heated by charcoal 
or coke ; in analytical experiments small-sized crucibles or dishes are 
selected, of porcelain, platinum, silver, or iron, or glass tubes sealed at 
one end, according to the nature of the substances to be ignited ; these 
crucibles, dishes, or tubes are heated over a Berzdma spirit-lamp or a 
properly-constructed gas-lamp. 

§ 10. 
9. Sublimation. 

The term Sublimation designates the process which serves to expand 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid State by refrigeration ; — the substance 
Yolatilized and recondensed is called a suhlimate, Sublimation is con- 
sequently a distiUation qf solid bodies, "We have recourse fco this process 
mostly to effect the Separation of substances possessed of diflferent degrees 
of volatility. Its application is of the highest importance in analysis for 
the detection of certain substances, e. g, of arsenic. The vessels used in 
Sublimation are of various shapes, accordiug to the different degrees of 
volatility of the substances operated upon. In sublimations for analytical 
purposes we generally employ sealed glass tubes. 

§ 11. 
10. Fusion and Fluxing. 

We designate by the term " fusion" the conversion of a solid substance 
into the fluid form by the application of heat ; fusion is most frequently 
resorted to for the purpose of effecting the combination or the decom- 
position of bodies. The term " fluxing" is applied to this process in 
cases where substances insoluble or difficult of Solution in water and acids 
are by fusion in conjunction with some other body modified or decom- 
posed in such a manner, that they or the new-formed Compounds will 
subsequently dissolve in water or acids. Fusion and fluxing are con- 
ducted either in porcelain, silver, or platinum crucibles, according to the 
nature of the Compound. The crucible is supported on a triangle of 
moderately stout platinum wire, restiug on, or attached to, the ring of 
the spirit or gas-lamp. Triangles of thick iron wire, especially when 
laid upon the still stouter brass ring of the lamp, carry off too much 
heat to allow of the production of very high temperatures. Small quan- 
tities of matter are also often fused in glass tubes sealed at one end. 

Resort to fluxing is especially required for the analysis of the sul- 
phates of the alkaline earths, and also for that of many Silicates. The 
flux most commonly used is carbonate of soda or carbonate of potassa, 
or, better still, a mixture of both in equal atomic proportions (see § 75). 
In certain cases, hydrate of baryta is used instead of the alkaline carbo- 
nates (see § 76). But in either case the Operation is conducted in pla- 
tinum crucibles. 

I have to add here a few precautionary rules for the prevention of 
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damage to the platinum vessels used in tliese Operations. No substance 
eyolying chlorine ought to be treated in platinum yeasels ; no nitrate of 
potassa, canstic potassa, metals, sulphides of the metals, or cyanides of the 
alkalies, should be fused in such vessels ; nor ought readily deoxidizable 
metallic oxides, organic metallic salts, or pbosphates to be ignited in 
tbem in the presence of organic Compounds. It is also detrimental to 
platinum crucibles, and especiallj to their covers, to expose them directly 
to an intense charcoal fire, since the action of the ash, under sach circum- 
stanceS; gives readily rise to the formation of silicide of platinum, which 
renders the vessel brittle. It is always advisable to support the platinum 
crucible in which a process of ignition or fusion is to be conducted, on a 
trianglo of platinum wire. Soiled platinum crucibles are cleaned by 
fusing in them bisulphate of potassa, and boiling afterwards with water. 



We have still to speak here of another Operation which bears some 
affinity to fusion. 

§ 12. 
11. Deflagration. 

We tmderstand by the term " deflagrcUion^ in a more general sense, 
every process of decomposition attended with noise or detonation — (the 
caniae of the decomposition is a matter of perfect indifference as regards 
the application of the term in this sense). 

We use the same term, howeyer, in a more restricted sense, to desig- 
nate the oxidation of a substance in the dry way, at the expense of the 
oxygen of another substance mixed with it (usually a nitrate or a chlo- 
rate), and connect with it the idea of a sudden and violent combustion 
attended with vivid iucandescence and noise or detonation. Deflagra- 
tion is resorted to either to produce the desired oxide — thus tersulphide 
of arsenic is deflagrated with nitrate of potassa to obtain arsenate of 
potassa ; — or it is applied as a means to prove the presence or absence of 
a certain substance — ^thus salts are tested for nitric or chloric acid, by 
fusing them in conjunction with Cyanide of potassium, and observing 
whether this process will cause deflagration or not, &c 

To attain the former object, the perfectly dry mixture of the substance 
under examination and of the deflagrating agent is projected in small 
portions into a red-hot crucible. Experiments of the latter description 
are invariably made with yery minute quantities ; the process is, in such 
cases, best conducted on a piece of thin platinum foil, or in a small 
spoon. 

§ 13. 

12. The XJse of the Blowpipe, 

This Operation belongs exclusiyely to the province of analytical che- 
mistry, and is of paramount importance in many analytical processes. 
We have to examine here, 1, the apparatus ; 2^ the mode of its applica- 
tion ; and, 3, the results of the Operation. 

The blowpipe (Fig. 6) is a small instrument, usually made of brass or 
German silyer. It was originally used by metallurgists for the purpose 
of soldering, whence it deriyed the name of " soldering-pipe" {Löthrohr) 
by which the Germans designate it. It consiBts of three distinct parts ; 
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Figs. 6, 7. 



viz. Ist, a tube (a 6), fitted, for greater convenience, with a hom or ivory 

mouthpiece, through which air is blown fi*om the mouth ; 2nd, a small 

cylindrical vessel (c d), into which a 6 is screwed air- 

tight, and which serves as an air-chamber, and to 

retain fche moisture of the air blown into the tube ; 

and, 3rd, a smaller tube (/* g), also fitted into the 

vessel (c d). This small tube, which forms a right 

angle with the larger one, is fitted at its aperture 

either simply with a finely perforated platinum 

plate, or more conveniently with a finely per- 
forated platinum cap (h) screwed in air-tight. The 

construction of the cap is shown in Fig. 7. It is, 

indeed, a little dearer than a simple plate, but it is 

also much more durable. Whenever the opening of 

the cap happens to be stopped up, the obstruction 

may be removed by heating the cap to redness 

before the blowpipe. 

The proper length of the blowpipe depends upon 

the distiBince to which the Operator can see with dis- 

tinctness ; it is usually from twenty to twenty-five 

centim^tres. The form of the mouthpieces va^ies. 

Some chemists like them of a shape to be encircled 

by the lips; others prefer the form of a trumpet 

mouthpiece, which is only pressed against the lips. 

The latter require less exertion on the part of the Operator, and afe 

accordingly generally chosen by those who have a great deal of blowpipe 

work. 

The blowpipe serves to conduct a continuous fine current of air into a 
gas-flame, or into the flame of a candle or lamp. The flame of a candle 
(and equally so that of gas or of an oil lamp), burning under ordinary 
circumstances, is seen to consist^ of three distinct parts, as shown in 
yig. 8, viz., Ist, a dark nucleus in the centre (a) ; 2nd, a luminous cone 
surrouuding this nucleus {e fg) ; and, 3rd, a feebly 
luminous mantle encjlrcling the whole flame (6 c d). ^ 

The dark nucleus is formed by the gases which the 
heat evolves from the wax or fat, and which cannot 
burn here for want of oxygen. In the luminous cone 
these gases come in contact with a certain amount of 
air insufficient for their complete combustion. In this 
part, therefore, it is principally the hydrogen of the 
carbides of hydrogen evolved which bums, whilst the 
carbon separates in a state of intense ignition, which 
imparts to the flame the luminous appearance observed 
in this part In the outer coat, the access of air is no 
longer limited, and all the gases not yet bumed are 
coDsumed here. This part of the flame is the hottest ; 
oxidizable bodies oxidJze therefore with the greatest 
possible rapidity when placed in it, since all the condi- 
tions of oxidation are here united, viz. high tempera- 
ture, and an unlimited supply of oxygen. This 
outer part of the flame is therefore called the oosidizing fla/me, 

On the other band, oxides having a tendency to yield up their oxygen, 
sufler redviCtion when placed within the lumincms part of the flame, the 
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oxygen being withdrawn from them by the carbon and the still uncon- 
sumed carbide of hydrogen present in this sphere. The Inminous part 
of the flame is therefore called the redaciTig flame, 

Now the eflfect of blowing a fine current of air across a flame, is first 
to alter the shapo of the latter, which, from tending upward, is now 
driven sideways in the direction of the blast, and at the same time 
lengthened and narrowed ; and, in the second place, to extend the sphere of 
combustion from the outer to the inner part. As the latter circumstance 
causes an extraordinary increase of the heat of the flame, and the form er 
a concentration of that heat within narrower limits, it is easy to nnder- 
stand the exceedingly energetic action of the blowpipe flame. The 
way of hol ding the blowpipe and the nature of the current, will always 
depend upon the precise object in view, viz., whether the Operator wants 
a reducing or an oxidizing flame. The easie^t way of producing most 
efficient flames of both kinds is by means of coal-gas delivered from a 
tube, terminating in a flat top with a somewhat slantingly downward- 
tumed slit 1 centimötre long and 1 ^ to 2 millimdtres wide ; as with the use 
of gas the Operator is enabled to control and regulato not only the blow- 
pipe flame, but the gas stream also. The task of keeping the blowpipe 
steadily in the proper position may be greatly facilitated by firmly resting 
that instrument upon some moveable metallic support, such as, for 
instance, the ring of BunserCa gas lamp for supporting dishes, &c. 

Fig. 9 shows the flame for reducing, Fig. 10 the flame for oxidizing. 
The luminous parts are shaded. 
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Fig. 9. 



The reducing flame is produced by keeping the jefc of the blowpipe 
just on the border of a tolerably strong gas flame, and driving a moderate 
blast across it. The resulting mixture of the air with the gas is only im- 
perfect, and there remains between the inner bluish part of the flame and 
the outer barely visible part a luminous and reducing zone, of which the 
hottest point lies somewhat beyond the apex of the inner cone. To pro- 
duce the oxidizing flame, the gas is lowered, the j et of the blowpipe pushed 
a little further into the flame, and the strength of the current some- 
what increased. This serves to effect an intimate mixture of the air 
and gas, and an inner pointed, bluish cone, slightly luminoiis towards 
the apex is formed, and surrounded by a thin, pointed, light-bluish, 
barely visible mantle. The hottest part of the flame is at the apex of the 
inner cone. Difficultly fusible bodies are exposed to this part to eflect 
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their fusion ; but bodies to be oxidized are beld a little bejond the apex, 
that there may be no want of air for their coiubustion. An oil-lamp 
with broad wick of proper thickness may be used instead of coal-gas ; a 
tbick wax candle also will do. For an oxidizing flame, a small spirit- 
lamp will in most cases answer tbe purpose. 
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Fig. 10. 



The currenJt is produced with the cheek muscles alone, and not with the 
längs. The way of doing this may be easilj acquired by practising for 
some time to breathe calmly with puffed-up cheeks, and with the blow- 
pipe between the Ups ; with a little patience the Student will soon be 
able to produce an even and uninterrupted current. 

The s^vpports on which substances are exposed to the blowpipe flame 
are generally either wood, charcoal, or platinum wire or foil. 

Charcoal supports are used priDcipally in the reduction of metallic 
Oxides, <fec., or in trying the fusibility of bodiea The substances to be 
operated upon are put into small conical cavities scooped out with a 
penknife or with a little tin tube. Metals that are volatile at the heat 
of the reducing flame, evaporate wholly or in part upon the reduction of 
their oxides ; in passing through the outer flame, the metallic fumes are 
re-oxidized, and the oxide formed is deposited around the portion of 
matter upon the support. Such deposits are called incrustatioos. Many 
of these exhibit characteristic colors leading to the detection of the 
metals. Thoroughly-burnt pieces of charcoal only should be selected 
for Supports in blowpipe experiments, as imperfectly-burnt pieces are apt 
to spirt and throw oflf the matter placed on them. The charcoal of the 
wood of the pine, linden, or iwrillow is greatly preferable for supports to 
that of harder and denser woods. Smooth pieces ought to be selected 
for supports, as knotty pieces are apt to spirt when heated, and throw 
off the matter placed on them. The most conyenient way is to saw the 
charcoal of well-seasoned and straight-split pine wood into parallelo- 
pipedic pieces, and to blow or brush off the dust ; they may then be 
handled without fear of soiling the hands. Those sides alone are used 
on which the annual rings are visible as circles or segments, as on the 
other sides the fused matters are apt to spread over the sur&ce of the 
charcoal {Berzdiua). 

The properties which make charcoal so valuable as a material for sup- 
ports in blowpipe experiments are — Ist, its infusibility ; 2nd, its low 
condueting power for heat, which admits of substances being heated 
more strongly upon a charcoal than upon any other support ; 3rd, its 
porosity^ which makes it imbibe readily fusible substances, such as 
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borax, carbonate of soda, &c., whilst infusible bodies remain on tbe sur- 
face ; 4tb, its power of reducing oxides, wbich greatly contributes to 
effeoting tbe reduction of oxides in tbe inner blowpipe flame. 

We use pUUvn/wm wvre, and occasionally also pUUinwm foü, in all 
oxidizing processes before tbe blowpipe, and also wben fusing substances 
with fluxes, with a view to try their solubility in tbem, and to watcb 
tbe pbenomena attending tbe Solution, and mark tbe color of tbe bead. 

The wire, wbicb sbould be about tbe tbickness of lute-strings, is cut 
into leoffths of 8 centim^tres, and eacb lengtb twisted at botb ends into 
a small kop (Fig. 11). 
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Fig. 11. 



"Wben required for use, tbe loop is moistened witb a drop of water, 
tben dipped into tbe flux, and tbe portion adbering exposed to tbe flame 
of a gas- or spirit-lamp. Tbe bead produced, wbicb continues to adhere 
to tbe loop, is let cool, tben moistened again, a small portion of tbe 
substance» to be examined added to it, and tbe loop finally exposed, 
according to circumstances, to tbe inner or to tbe outer blowpipe flame. 

Wbat renders tbe application of tbe blowpipe particularly useful in 
cbemical experiments is tbe great expedition witb wbicb tbe intended 
results are attained. These results are of a twofold kind, viz., eitber 
tbey afford us simply an insigbt into tbe general properties of tbe exa- 
mined body, and enable us accordingly only to determiue tbe cUiss to 
wbicb it belongs, i, 6., wbetber it is flxed, volatile, fusible, &c. ; or tbe 
pbenomena wbicb we observe enable us at once to recognise tbe par- 
ticular body wbicb we have before us. We shall have occasion to de- 
scribe tbese pbenomena wben treating of tbe deportment of tbe diflerent 
substances witb reagents. 



APPENDIX TO SECTION I. 

§ U. 
Appabatus and Utensils. 

As many sfcudents of cbemical analysis migbt find some difficulty in 
tbe selection of tbe proper apparatus, &c., I append bere a list of tbe 
articles wbicb are required for tbe peribrmance of simple experiments 
and investigations, togetber witb instructions to guide tbe Student in tbe 
purchase or making of tbem. 

1. A Bebzelius Spibit-Lamp, with suitable stand. Thie part en- 
closing tbe wick and tbe vessel containing the spirit of wine must be in 
separate pieces, connected togetber by means of a narrow tube j otber- 
wise most inconvenient explosions are apt to occur on ligbting tbe 
lamp. The chimney must not be too narrow. Tbe stopper on tbe 
moutb tbrougb wbicb the spirit of wine is poured in must not fit air- 
tight. The stand must be fitted with proper brackets, and also witb a 
moveable brass ring to support dishes and flasks in processes of 
ebullition, and a ring of moderately stout iron wire to support 
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the triangle for holdiug the cmcibles in the processes of ignition and 
fusion. 

Of the rarioos forma of lamps to be had, the one ehova in Fig. 1 2 ia 
the nioat suilable and elegant. Fig. 13 showa a triangle of platinum 
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Fig. 12. 



Fig. 14. 



■wire fixed within aniron ivire triangle ; thia is the most onitable constnic- 

tion for aupporting the crucible in pi-oceaaea of ignition. Glass vesaeis, 

more porticularlj beakera, wliich it is in- 

tended to heat OTsr the lamp, are müsb 

conveniently rested on a circnlar piece 

of ganze niade of fine iron wire such aa is 

ueed in the making of sieves of medinm 



2. A Ol&SS Spirit Lauf, with ground 
glaas cap and brasa wick-holder. (Fig. 14.) 

In towns lighted by gas, spirit lamps 
are now almost entively superaeded by 
gas la/mpa. Of the many gas lamps pro- 
posed, £umen'8, as shown in its simplest 
form in Fig. 15, is the most convenient. 
a b ia & foot of cast-iron measuring 7 
oentimftres in diameter. In the eenti-e 
of this is fixed a Square brass box. c d, 
vhtch filightly slants towards the top ; the 
sides of thia box are 2S milUmdtres high 
and 16 millimätres vide; it has a cylin* 
dric oavity 12 millimfitreB deep and 10 
niUlimätres tn diameter. Each aide of the 
box hae, ImillimStresfromtheupperrim, a 
circularaperture of 8 millimätres diameter, 
leading to the inner oavity. One of the 
eides has fitted into it, about 1 millimStre 
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below the circular aperture, a tube to which is attacbed some viilcanized 
indiarrubber, wbich serves to convey tbe gas to the apparatus. This tube 
is tumed as shown in Fig. 15 ; it has a bore of 4 millimdtres diameter. 
The gas oonveyed into it through the india-rubber re-issues from a 
tube placed in the centre of the cavity of the box. This tube, which is 
4 millimötres thick at the top, thicker at the lower end, projects 3 
millim^tres above the rim of the box ; the gas issues from a narrow 
opening which appears formed of 3 radii of a circle, two of them 
forming an angle of 120° with one another. The length of each radius 
is 1 millim^tre, the opening J millim^tre wide ; e/ is a brass tube 
75 millim^tres long, open at both ends, and having an inner diameter of 
9 millim^tres; the screw at the lower end of this tube fits into a nut 
in the upper part of the cavity of the box. With this tube screwed in, 
the lamp is completed. On opening the stop-cock, the gas rushes from the 
opening into the tube ef^ when it mixes with the air Coming in through 
the circular apertures (c). When this mixture is kindled at f^ it 
bums with a straight, bluish flame, entirely free from soot, which may 
be regulated at will by opening the stop-cock moi*e or less ; a par- 
tial opening of the cock suffices to give a flarae fuUy answering the 
purpose of the common simple spirit lamp ; whilst, with the füll stream 
of gas tumed on, the flame, which will now rise up to 2 decimdtres in 
height, buming with a roaring noise, affords a most excellent Substitute 
for the Berzelius lamp. Flasks, &c., which it is intended to heat over 

the gas lamp, are most con- 
veniently supported on wire 
ganze. Ifitiswishedtousethe 
gas lamp for blowpipe Opera- 
tions, the tube g h must be in- 
serted into e f; this tube 
terminates in a flattened top 
slanting at an angle of 68°, 
to the axis, and having an 
opening in it 1 centimdtre 
long and 1^ to 2 millimötres 
wide ; its Insertion into e f 
serves to close up the air- 
apertures in the box, and 
pure gas, buming with a 
luminous flame, issues ac- 
cordingly now from the top 
of the tube. Fig. 16 shows 
the apparatus complete, flxed 
in the forked iron stand; 
this arrangement permits the 
lamp being moved backward 
and forward between the 
prongs of the fork, and up 
and down the pillar of the 
stand. The moveable ring on 
the same pillar serves to Sup- 
port the object to be ope- 




Fig. 16. 



rated upon, The 6 radii round the tube of the lamp serve to support 
a porcelain plate used in quantitative analyses. 
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3. A BLOWPiPE (see § \3\ 

4. Aflatikümcruciblb which will contain abouta quarter of an ounce 
of water, with a cover of the form of a ahalloT diah ; it must not be too 
deep in proportion to its breadth. 

5. Platinüm foil, as amooth and clean as posaible, and not very thin : 
length about 40 millim^trea ; widthabout 35 milHm^treB. 

6. Platinüm wirb (seo g 13) ; three or four wires are amply aufficient. 
They are kept most convenieatly in a glass filled with water, most of 
the beads being dissolved by that fluid when left in contact with it for 
Bome time ; the wires may tliua be alwaya kept cleau. 

7. A STAtTD WITH TWEIVB TEST TDBES — 16 to 18 centimötres ia about 
the proper length of the tubes, from 1 to 2 oentimötrea the proper 
width. The pegs on the 
Upper ahelf serve for 
the clean tubes, which 
may thus be always kept 
dry and ready for use. 
The tubes must be made 
of thin white glaas, and 
so well annealed that 
they da not crack even 
though boiling water be 
poured into them. The 
rim muat be quite round, 
and sligbtly tumed over; 
it ought not to have a 
lip, as this is uaelees, sim- 
ply preventing the tube 
being closely stopped 
with the finger, and also 
shaking the oontenta. 

8. SeVERAL BEAKBR OLASSES and SMALL BBT0BT8 of thin, well 

annealed glass. 

9. SeVERAL PORCSLAIM EVAPORATINQ niSHES, AND A VARIETT OF 

SXAU. FOBCEi^iN CBUCIBLEB. Those of the royal manufacture of Berlin 
are unexceptionable, both in ahape and durability. 

10. Sbvebal olass ruNNELS of various sizes. They muat be inclined 
at an angle of 60°, and merge into tbe neck at a definite angle. 

11. A WABHING BOTTLE of a capacity of from 300 to 400 cublo centi- 
mStrea (aee § 6). 

13. SsvERAL OLASS BODB AND OLASS TUBES. The latter are beut, 
drawu out, &o., over a Berzeliua spirit lamp ; the former are rouoded at 
the enda before the blowpipe. 

13. A aelection of watoh-oiabsrs. 

14. A amall aoatb mortar. 

15. A palr of amall steel or bbass fincehs, about four or five inches 
long. 

16. A WOODEH FILTERINO STAND (aee § 5). 

17. A TRiPOD of thin iron, to aupport the dishea, &c, which it is 
intended to beat over the small spirit or gas lamp. 




Fig. 17. 
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SECTION IL 



REAGENTS. 

§15. 

A VARiETT of pbenomena may manifest themselves upon the deoom- 
position or coiubination of bodies. In some cases liquids change their 
color, in others precipitates are formed ; sometimes effervescence takes 
place, and sometimes deflagration, &c. Now, if these phenomena are very 
striking, and attendant only upon the action of two definite bodies upon 
one another, it is obvious that the presence of one of these bodies may be 
detected by means of the other : if we know, for instance, that a white 
precipitate of certain definite properties is formed upon mixing baryta 
with sulphuric acid, it is clear that, if upon adding baryta to any liquid, 
we obtain a precipitate exhibiting these properties, we may conclude 
that this liquid contains sulphuric acid. 

Those substances which indicate the presence of others by any striking 
phenomena are called rea^fente, 

According to the differeait objects attained by their application we 
make a distinction between genertd and special reagents. By generaX 
reagents we understand Uiose which serve to determine the d(M8 or 
group to which a substance belongs ; and by special reagents those which 
serve to detect and determine bodies individuaUy. .That the line 
between the two divisions cannot be drawn with any degree of precision, 
and that one and the same substance is often made to serve both as a 
general and a special reagent, cannot well be held a valid objection to 
this Classification, which, in fact, is simply intended to induce a habit of 
employing reagents always for a settled purpose — viz., either simply to 
find out the group to which the substance under examination b^ongs, 
or to determine the latter individvdUy, 

Kow whilst the usefulness of g&neral reagents depends principally 
upon their efficicDcy in strictly characterizing groups of bodies, and often 
efiecting a complete Separation of the bodies belonging to one group from 
those belonging to another, that of special reagents depends upon their 
being cha/racteristic, and upon their being sensitive, We call a reagent 
cha/racteristic, if the alteration produeed by it, in the event of th« body 
tested for being present, is so distinctly marked as to admit of no 
mistake. Thus, iron is a characteristic reagent for copper, protochloride 
of tin for mercury, because the phenomena produeed by these reagents-?- 
viz., the Separation of metallic copper and of globules of mercury, admit 
of no mistake. We call a reagent sensitive or deUeonte, if its action is 
distinctly perceptible, even though a very minute quantity only of the 
substance tested for be present; such is, for instance, the action of 
starch upon iodine. 

Very many reagents are hoth characteristic and delicate ; thus, for 
instance, terchloride of gold for protoxide of tin ; ferrocyanide of 
potassium for sesquioxide of iron and oxide of copper, &c. 

I ueed hardly mention that, as a general rule, reagents must be che- 
mically pure — i.e., they must consist purely and simply of their essential 
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constituents, and miist contain no admixture of foreign substanoes. "We 
must therefore make it an invariable rule to test tlie pwrity qf our reagenta 
hefore we use them, no matter whether they be articles of our own pro- 
duction or purchased. Although the necesdty of tliis is fully admitted 
on all hands, yet we find that in practice it is too ofben neglected ; 
thus it is by no means uncommon to see alumina entered among the sub- 
stanoes detected in an analysis, simply because the Solution of potassa 
used as one of the reagents happened to contain that earth ; or iron, 
because the chloride of ammonium used was not free from that metal. 
The directions given in this section for testing the purity of the several 
reagents, refer, of course, only to the presence of foreign matter resulting 
from the mode of their preparation, and not to mere accidental ad- 
mixture. 

One of the most common sources of error in qualitative analysis pro- 
ceeds from missing the proper measure — ^the right quantity — in the appli- 
cation of reagents. Such terms as " addition in excessj'* " supersaturation^^ 
<kc., ofben induce novices to suppose that they cannpt add too much of 
the reagent, and thus some will Jk^ a test tube with acid, simply to auper- 
8aitUT(Ue a few drops of an alkaline fluid, whereas eoery drop of acid 
added, afber the neutralization point has once been reached, is to be 
looked upon as an exceaa of acid. On the other hand, the addition of an 
insufficient amoimt is to be equally avoided, since a reagent, when added 
in insufficient quantity, ofben produces phenomena quite difibrent from 
those which will appear if the same reagent be added in excess : e. ^., a 
Solution of chloride of mercury yields a white precipitate, if tested with a 
small quantity of hydrosulphuric acid ; but if treated with the same 
reagent in excess, the precipitate is hlack, Experience has, however, 
proved that the most common mistake beginners make, is to add the 
reagents too copiously. The reason why this over-addition must impair 
the accuracy of the results, is obvious ; we need simply bear in mind 
that the changes eflected by reagents are perceptible within certain limits 
only, and that therefore they may be the more readily overlooked the 
nearer we approach these limits by diluting the fluid. 

No special and definite rules can be given for avoiding this source of 
error ; a general rule may, however, be laid down, which will be found 
to answer the purpose, if not in all, at least in the great majority of 
cases. It is simply this : ht the atvderU always reßect, hefore the addition 
of a reagent, for what purpose Jie applies it, and what are the phenoinena 
he iaUends to prodViCe, 

We divide reagents into two classes, according to whether the atate 
of fluidity which is indispensable for the manifestation of the action of 
reagents upon the various bodies, is brought about by the application of 
heat, or by means of liquid solvents ; we have consequently, 1, Reagents 
in the hwmid way ; and 2, Reagents in tlie dry way. For greater clear- 
ness we subdivide these two principal classes as foilows : — 

A. REAGENTS IN THE HUMID WAY. 

L Simple Solvents. 
II. AciDS (and Halogens). 

a. Oxygen a^cids, 

b. Hydrogen acids and ludogens, 

c. Sutphwr adds. 
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III. Bases (and Metals). 

a, Oxygen hases, 
h, Sulphur bases. 

IV. Salts. 

a, Ofthe cUkcUies, 

h, OftJie alkaline earths, 

c. Öf the Oxides of the heavy metals. 

V. CoLORiNG Matters and Indifferent Vegetable Sübstances. 

B. REAGENTS IN THE DRY WAY. 
I. Fluxes. 

II. BlOWPIPE REAGENTS. 

A. REAGENTS IN THE HUMID WAY. 

I. Simple Solvents. 

Simple solvents are fluids which do not enter into chemical combina- 
tion with the bodies dissolved in them ; thej will accordiogly dissolve 
any quantity of matter up to a certain limit, which is called the point 
of Saturation, and is in a measure dependent upon the temperature of 
the solvent. The essential and characteristic properties of the dissolved 
sübstances (taste, reaction, color, &c.) are not destroyed by the solvent. 
(See § 2.) 

§ 16. 

1. Water (H 0). 

Freparation. — Pure water is obtained by distilling spring water from 
a copper still, with head and condenser made of pure tin, or from a 
glass retort ; which latter apparatus, however, is less suitable for the 
purpose. The distillation is carried to about three-fourths of the quantity 
operated upon. If it is desired to have the distilled water perfectly free 
from carbonic acid, and carbonate of ammonia, the portions passing over 
first must be thrown away. In the larger chemical, and in most phar- 
maceutical laboratories, the distilled water required is obtained from the 
steam apparatus which serves for drying, heating, boiling, &c. Rain 
water coUected in the open air may in many cases be substituted for 
distilled water. 

Tests. — Pure distilled water must be colorless, inodorous, and taste- 
less, and must leave no residue upon evaporation in a platinum vesseL 
Sulphide of ammonium must not alter it (copper, lead, iron) ; its 
transparency must not be in the least impaired by basic acetate of 
lead (carbonic acid, carbonate of ammonia), nor, even afber long standing, 
by Oxalate of ammonia (lime), chloride of barium (sulphates), or nitrate 
of silver (metallic Chlorides). 

Uses, — We use water* principally as a simple solvent for a great 
variety of sübstances ; the most convenient way of using it is with the 
washing bottle (see § 6, Fig. 3), by which means a large or fine stream 
may be obtained. It serves also to effect the conversion of several 
neutral metallic salts (more particularly terchloride of antimony and the 
salts of bismuth) into soluble acid, and insoluble basic Compounds. 

* In analytical experiments we nse only distilled water ; whenever, therefore, the term 
" water" occars in tiie present work, distilled water is meant. 
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§ 17. 
2. Alcohol (C, H. O, = Ae O, H O). 

Preparatüm, — Two sorts of alcohol are used in chemical analyses ; 
viz., Ist, spirit of wine of 0*83 or 0*84 spec. gr. = 91 to 88 per cent. by 
volume {spiritibs mni rectißcatissimus of the shops) ; and 2nd, absolute 
alcohol. The latter may be prepared by distilling the former from fused 
Chloride of calcium, or by adding to it perfectly dry potassa, or anhydrous 
sulphate of copper, shaking the mixture, decanting the fluid, and re- 
distilling it. 

Tests. — Pure alcohol must completely volatilize, and ought not to leave 
the lea.st smell of fusel oil, when rubbed between the hands ; nor should 
it redden litmus paper. When kindled, it must bum with a faint 
bluish, barely perceptible flame. 

üses. — Alcohol serves, (a) to effect the Separation of bodies soluble in 
this fluid from others which do Dot dissolve in it, e.g.y of chloride of Stron- 
tium irom chloride of barium ; (6) to precipitate from aqueous Solutions 
many substances which are insoluble in dilute alcohol, e,g., gypsum, malate 
of lime ; (c) to produce various kinds of ether, e.g.i acetic ether, which is 
characterized by its peculiar and agreeable smeÜ ; {d) to reduce, mostly 
with the co-operation of an acid, certain peroxides and metallic acids, e.g.y 
binoxide of lead, chromic acid, &c. ; (e) to detect certain substances which 
impart a characteristic tint to its flame, especially boracic acid, strontia, 
potassa, soda, and lithia. 

§ 18. 

3. Etheb (C, H^ O = Ae O). 

Ether finds but very limited application in the analysis of inorganic 
bodies. It serves, indeed, almost exclusively to detect and isolafce 
bromine, and for this purpose the officinal ether of commerce is suffi- 
ciently pure and strong. 

II. ACIDS AND HALOGENS. 

§ 19. 

The acids — at least those of more strongly pronounced character — are 
soluble in water. The Solutions taste acid, and redden litmus paper. 
Acids are divided into oxygen a<;ids, sulphur acids, and hydrogen acids. 

The oxygen acids produced generally by the combination of a non- 
metallic dement with oxygen, combine with water in definite propor- 
tions to hydrated acids. It is with these hydrates that we have 
usually to do in analytical processes ; they are commonly designated by 
the name of " free acids,*' as the accession of the water does not destroy 
the acid properties. In the action of hydrated acids npon oxides of 
metals, the oxide takes the place of the water of hydration, and an 
oxygen salt is formed (H O, S O, + K O = K O, S O, + H O). Where 
these salts are the product of the combination of an acid with a strong 
base, their reaction (supposing the oombining acid also to be a strong 
acid) is neutral ; the salts formed with weaker bases, for inscance, with 
the oxide of a heavy metal, generally show acid reaction, but are never- 
theless called neutral salts, if the oxygen of the base bear the same pro- 
portion to that of the acid in which it is found in the distinctly neutral 
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salts of the saine acid, or, in other terms, if it corresponds with tbe Satu- 
ration capacity of the acid. Siilphate of potassa (K O, S O,) has a neutral 
reaction, whUst the reaction of sulphate of copper (Cu O, S O,) is acid ; 
yet the latter is nevertheleas called neutral sulphate of copper, beca^se 
the oxygen of the oxide of copper in it bears a proportion of 1 : 3 
to that of the sulphuric acid, which is the same proportion as the 
oxygen of the potassa bears to that of the sulphuric acid in the con- 
fessedly neutral sulphate of potassa. 

The hydrogen acids are formed by the combination of the salt radicals 
with hydrogen, Most of these possess the characteristic properties of 
acids in a high degree. They neutralize oxygen bases with formation of 
haloid salts and water, H Gl and Na O = Na a and H O = 3 H Gl and 
Fe, O3 = Fe, GI3 and 3 H O. The haloid salts prodaced by the action of 
powerful hydrogen acids upon strong bases, have a neutral reaction ; 
whilst the Solution of these haloid salts show acid reactions, which have 
been produced by the action of powei-ful hydro*gen acid upon weak 
bases (such as the oxides of the heavy metals). 

The sulphur acids are more fre^juently the result of the combination 
of metallic than of non-metallic Clements with sulphur ; they combine 
with sulphur bases to sulphur salts, H S + K S = K S, H S, - Sb S^ + 
3 Na S = 3 Na S, Sb S^. The sulphur acids being weak acids, the 
fioluble sulphur salts have all of them alkaline reaction. 

a, OXYGEN ACIDS. 

§ 20. 

1. Sulphuric Acid (H 0, S OJ. 
We use — 

a. Concentrated sulphuric acid of commerce genei*ally known in 
Germany as English sulphuric add, 
h. Concentrated pure sulphv/ric acid, 

To be prepared as follows : heat sulphuric acid of commerce in a 
porcelain dish to about 230° F., and add, whilst stirring, small por- 
tions of dry oxalic acid {Löwe), or of dry sulphate of ammonia {Peilouze)^ 
until a portion of the acid taken out and cooled no longer tums red 
when Solution of sulphate of protoxide of iron is poui'ed upon it — a sign 
that every trace of hyponitric acid and nitric acid is gone. Add now (in 
the open air) pure dry chloride of sodium (about ^ per cent.) in small 
portions, with frequent stirring, and heat until the hydrochloric acid is 
completely expelled. All the arsenic originally present in the sulphuric 
acid is carried off with the fumes of the hydrochloric acid {Löwe, 
A, Büchner), The acid so purified is fit for nearly all the piu^cses of 
chemical analysis ; if it is wished, however, to free it also from non-volatile 
substances, it may be distilled from a luted non-tubulated retort resting 
on a reversed crucible cover, and heated directly over charcoal. The 
lowest part of the retort, where the sulphate of lead, &c., is deposited, 
being thus in some measure protected by the interposed cover from 
the direct action of the fire, gets less strongly heated than the sides, 
which prevents the inconvenient and dangerous bumping of the liquid in 
the retort (compare Graham — Otto, ii. 1, p. 275). The neck of the 
retort must reach so far into the receiver that the acid distilling over 
drops directly into the body. Refrigeration of the receiver by means of 
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water is unnecessary and even dangerous. To prevent the flask coming 
into direct contact with the bot neck of the retort, some asbestos in 
long fibres is wrapt round that part of the neck where such contact 
might be apprehended. 

c. Dihde ßtUphuric add, This is prepared by adding to 5 parts of water 
in a leaden, or porcelain dish, gradually, and whilst stirring, 1 part of 
concentrated siüphuric acid. The sulphate of lead which separates is 
allowedto subside, and the clear fluid flnally decanted from the precipitate. 

Tests, — Pure sulphuric acid must be colorless ; when coloness Solution 
of sulphate of protoxide of iron is poured upon it in a test tube, no red 
tint must mark the line of contact of the two fluids (nitric acid, hypo-' 
uitric acid) ; when diluted with twenty parts of water, it must not im- 
part a blue tint to a Solution of iodide of potassium mixed with starch 
pafite (hyponitric acid). 

When mixed with pure zinc and water, it must yield hydrogen gas ; 
which, on being passed through a red-hot tube, must not deposit the 
slightest traoe of arsenia It must leave no residue upon evaporation on 
platinum, and must remain perfectly clear upon dilution with four or 
flve parts of spirit of wiue (oxide of lead, sesquioxide of iron, lime). 
The presence of small quantities of lead is detected most easily by adding 
some hydrochloric acid to the sulphuric acid in a test tube. If the 
point of contact is marked by turbidity (chJoride of lead), lead is present. 
\Löwenthdl,) 

üaes. — Sulphuric acid has for most bases a greater affinity than almost 
any other acid j it is therefore used principally for the liberation and 
expulsion of other acids, especially of phosphoric, boracic, hydrochloric, 
nitric, and acetic acids It serves also for the liberation of iodlne from 
metallic iodides. In this latter process it oxidizes the metal at the ex- 
pense of its own oxygen, and is accordingly reduced to the State of sul- 
phurous acid. Several substances which cannot ex ist in an anhydrous 
State (c. g,, oxalic acid), are decomposed when brought into contact with 
concentrated sulphuric acid ; this decompositiou is owing to the great 
affinity which sulphuric acid possesses for water. The nature of the de- 
composed body may in such cases be inferred from the liberated products 
of the decomposition. Sulphuric acid is also frequently used for the 
evolution of certain gases^ more particularly of hydrogen, and hydro- 
sulphuric acid. It serves also as a specwl reagent for the detection and 
precipitation of baryta, strontia, and lead. What kind of sulphuric 
acid is to be used, whether the pure, or the purifled acid, or the ordinary 
acid of commerce, whether concentrated or dilute, depends upon what the 
circumstances in each case may requira It will, however, be found 
that the necessary directions on this point are generally given in the 
present work. 

§ 21. 

2. Nitric Acid (H 0, N 0,). 

Freparation. — a, Heat crude nitric acid of commerce, as free as pos- 
sible from chlorine, and of a specific gravity of at least 1-31*, in a glass 
retort, to boiling, with addition of some nitrate of potassa ; let the dis- 
tillate run into a receiver kept cool, and try from time to time whether 
it still continues to precipitate or trouble Solution of nitrate of silver. 

* A weaker acid will not suit. 
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As soon as this ceases to be the case, change the receiver, and distil until 
a trifling quantitj ovlj remains in the retort. Dilute the distillate 
with water until the »pecifie gravity of the diluted acid is 1 '2. 

6. Dilute crude nitric acid of commerce of about 1 '38 specific gravity, 
with two-fifbhs of its weight of water ; add Solution of nitrate of silver as 
long as a precipitate of chloride of silver continues to form ; let the pre- 
cipitate subside, decant the perfectly clear supematant acid into a tubu- 
lated retort ; add some nitrate of potassa, free from chlorine, and distil 
until only a small quantity remains, taking care to attend to the proper 
cooling of the fumes distilling over. Dilute the distillate, if necessary, 
with water until it has a specSic gravity of 1 *2. 

Tests. — Pure nitric acid must be colorless, and leave no residue upon 
evaporation on platinum foil. Additions of Solution of nitrate of 
silver, or of nitrate of baryta, must not cause the slightest turbidity 
in it. It is advisable to dilute the acid with water before adding 
the reagents, as otherwise nitrates will precipitate. 

Uses. — Nitric acid serves as a chemical solvent for metals, oxides, 
sulphides, oxygen salts, &c. With metals, and sulphides of metals, the 
acid oxidizes the metal present first, at the expense of part of its own 
oxygen, and then dissolves the oxide, forming a nitrate. Most oxides 
are dissolved by nitric acid at once as nitrates ; and so are also most of 
the insoluble salts with weaker acids, the latter being expelled in the pro- 
cess by the nitric acid. Nitric acid dissolves also salts with soluble, non- 
volatüe acids, as e. g. phosphate of lime, with which it forms nitrate of 
lime and acid phosphate of lime. Nitric acid is used also as an oxidizing 
agent: for iustance, to convert protoxide of iron into sesquioxide^ 
protoxide of tin into binoxide, kc. 

§22. 
3. AcETic Acid (H O, C^ H, O, = H 0, Ä). 

A highly concentrated acetic acid is not required in qualitative 
analy tical processes ; the common acetic acid of commerce, which contains 
25 per cent. of anhydrous acid, and has a specific gravity of 1*04, 
answers the pui-pose. 

Tests, — Pure acetic acid must leave no residue upon evaporation, and 
— after Saturation with carbonate of soda — emit no empyreumatic odor. 
Hydrosulphuric acid, Solution of nitrate of silver, and Solution of nitrate 
of baryta must not impair the trausparency of the dilute acid, nor must 
sulphide of ammonium, after neutralization of the acid by oxide of 
ammonium. Solution of indigo must not lose its color, when heated 
with the acid. 

Tf the acid is not pure, add some acetate of soda and redistil from a 
glass retort, not quite to dryness ; if it contains sulphurous acid (in 
which case hydrosulphuric acid will produce a white turbidity in it), 
digest it first with some binoxide of lead or finely pulveiized binoxide 
of manganese, and then distil with acetate of soda. 

Uses. — Acetic acid possesses a greater solvent power for some sub- 
stauces than for others ; it is used, therefore, to distinguish the former 
from the latter ; thus it serves, for instance, to distinguish Oxalate of 
lime from phosphate of lime. Acetic acid is occasionally used also to 
acidulate fluids where it is wished to avoid the employment of mineral 
icids. 
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§23. 

4. Tartaric Acid (2 H 0, C, H^ 0^,, = 2 H 0, f ). 

The tartaric acid of commerce is suflEiciently pure for the purposes of 
chemical analysis. It is kept best in powder, as its Solution suffers de- 
composition afber a time, a white film forming upon its surface. For 
use, it is dissolved in a little water with the aid of heat. 

üses, — Theaddition of tartaric acid to Solutions of sesquioxide of iron, 
protoxide of manganese, and various other oxides of metals, prevents the 
usual precipitation of these metals by an alkali ; this non-precipitation 
is owing to the formation of double tartrates, which are not decomposed 
by alkalies. 

Tartaric acid may therefore be employed to effect the Separation of 
these metals from others, the precipitation of which it does not prevent. 
Tartaric acid forms a difficultly soluble salt with potassa, but not so 
with soda; it is, therefore, oneofourbest reagentsto distinguish between 
the two alkalies. 

6. HYDROGEN ACIDS AND HALOGENS. 

§24. 
1. Hydrochloric Acid (H Cl). 

Preparation. — Pour a cooled mixture of seven parts of concentrated sul- 
phuric acid and two parts of water over four parts of chloride of sodium in 
a retort ; exposethe retort, with slightly raised neck, to the heat of a sand- 
bath, until the evolution of gas ceases ; conduct the evolved gas, by means 
of a double limbed tube, into a flask containing six parts of water, and 
take care to keep this vessel constantly cool. To prevent the gas from 
receding, the tube ought only to dip about one line into the water of the 
flask. When the Operation is terminated, try the specific gravity of 
the acid produced, and dilute with water until it marks from 1*11 to 
1*12. Ifyou wish to ensure the absolute purity of the acid, and its 
perfect freedom from every trace of arsenic and chloriue, you must take 
care to free the sulphuric acid, intended to be used in the process, from 
arsenic and the oxygen Compounds of nitrogen, according to the direc- 
tions of § 20. A pure acid may also be prepared cheaply from the crude 
hydrochloric acid of commerce, by diluting the latter to a specific gravity 
of 1*12, and distilling the fluid, with addition of some chloride of 
sodium. If the crude acid contains chlorine, this should be removed first 
by the cautious addition of Solution of sulphurous acid, before proceed- 
ing to the distillation ; if, on the other hand, it contains sulphurous 
acid, this is removed in the same way by the cautious addition of some 
chlorine water. 

Tests. — Hydrochloric acid intended for the purposes of chemical 
analysis must be perfectly colorless, and leave no residue upon evapo- 
ration. It must not impart a blue tint to a Solution of iodide of potas- 
sium mixed with starch paste (chlorine), nor discolor a fluid made 
faintly blue with iodide of starch (sulphurous acid). Chloride of barium 
ought not to produce a precipitate in the highly diluted acid (sulphuric 
acid). Hydrosulphuric acid must leave it unaltered. Sulphocyanide of 
potassium must not impart the least red tint to the diluted acid. 
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Usea, — Hydrochloric acid sen'es as a solvent for a great many sub- 
stances. It dissolves mauy metals and sulphides of metals, forming Chlo- 
rides, with evolution of hydrogen or of hydrosiili)huric acid. It dissolves 
lower and higher oxides in the form of chlorides, the 8olati«>n being, in 
the case of the higher oxides, mostly attended with liberation of chlorine. 
Salts with insoluble or volatile acids are also converted bj hjdrochloiic 
acid into chlorides, with Separation of the original acid ; tbus carboDato 
of Urne is converted into cbloride of calcium, with liberati<m of carbosic 
acid. Hydrochloric acid dissolves salts with non-volatile and acduble 
acids, apparently without decomposing them (e. g.y phosphate of lime) ; 
bat the täct is that, in cases of this kind, a metallic chloride and a «daUe 
acid salt of the acid of the dissolved Compound are formed ; tbus, for 
instance, in the case of phosphate of lime, chloride of calcium and add 
phosphate of lime are formed. With salts of acids forming no solable 
acid Compound with the base present, hydrochloric acid forma metallio 
Chlorides, tKe liberated acids remaining free in Solution (borate of lime). 
Hydrochloric acid is also applied as a special reagent for tbe detection 
and Separation of oxide of silver, suboxide of mercury, and lead (see 
below) ; and likewise for the detection of free ammonia, with which it 
produces in the air dense white fumes of chloride of ammonium. 

§ 25. 

2. Chlortne (Cl) AND Chlorine Water. 

PrepcM'cUion. — Mix 18 parts of finely ground common salt with 15 
parts oifirvely puherized good binoxide of manganese ; put the mixtnre 
in a flask, pour a completely cooled mixture of 45 parts of concentrated 
sulphuric acid and 21 parts of water upon it, and shake the flask : a uni- 
form and continuous evolution of chloiine gas will soon begin, which, 
when slackening, may be easily increased again by the application of 
a gentle heat. This method of Wiggers is excellent, and can be highly 
recommended. Conduct the chlorine gas evolved, first through a flask 
containing a little water, then into a bottle filled with cold water, and 
continue the process until the fluid is saturated. The chlorine water 
must be kept in a cellar, and carefully protected from the action of 
light ; since, if this precaution is neglected, it speedily suffers complete 
decomposition, being converted into dilute hydrochloric acid, with 
evolution of oxygen (resulting from the decomposition of water). 
Smaller quantities, intended for use in the laboratory, are best kept in 
a stoppered bottle, protected from the influence of light by a case of 
paateboard. Chlorine water which has lost its streng peculiar odor is 
imflt for use. 

Usea, — Chlorine has a greater affinity than iodine and bromine for 
metals and for hydrogen. Chloriue water is therefore an efficient agent 
to effect the expulsion of iodine and bromine from their Compounds. 
Chlorine serves, moreover, to convert sulphurous acid into sulphuric 
acid, protoxide of iron into sesquioxide, 4$cc. ; and also to effect the de- 
struction of organic substances, in presence of water, as it withdraws 
hydrogen from the latter, enabling thus the liberated oxygen to combine 
with the vegetable matters and to effect their decomposition. For this 
latter pur|)ose it is most advisable to evolve the chlorine in the fluid 
which contains the organic substances ; this is effected by adding hydro- 
chloric acid to the fluid, heating the mixture to boiling, and then adding 
chlorate of potassa. This gives rise to the formation of chloride of potas- 
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sium, water, free chlorine, and bichlorate of chlorous acid, which acts in 
a similar manner to chlorine. 

§ 26. 
3. Nitro-Htdrochloric Acm. Äqiui regia, 

J^repa/rcUion, — Mix one part of pure nitric acid with from three to 
£[>ur parts of pure hydrochloric acid. 

Nitric acid and hydrochloric acid decompose each other, the decora- 
Position resulting, in most cases, as Guy-Lussac has shown, in the 
ibrmation of two Compounds which are gaseous at the ordinarj tem- 
perature, N O^ Cl^ and N 0, Cl, and of free chlorine and water. If 
one equivalent of N O^ is used to three equivalents of Cl H, it may be 
assuitied that only chloro-hyponitric acid (N O, Cl^), chlorine and water, 
are formed (N O, + 3 H Cl = N O, Cl, + Cl + 3 HO). 

This decomposition occurs as soon as the fluid is saturated with the 
gas ; but it recommences the instant this state of Saturation is disturbed 
by the ap[jlication of heat or by decomposition of the a«id. The pre- 
sence of the free chlorine, and also, but in a very subordinate degree, 
that of the acids named, makes aqua regia our most powerful solvent for 
metals (with the exception of those which form insoluble Compounds 
with chlorine). Nitro-hydrochloric acid serves principally to effect the 
Solution of gold and platinum, which metals are insoluble both in 
hydrochloric and in nitric acid ; and also to decompose various metftllic 
sulphides, e,g>, cinnabar, pyrites, &g, 

§ 27. 

4. Htdropluosilicic Acid (HF,SIF,). 

^reparaiion. — Take quartz sand, wash off every particle of dust, and dry 
thoroughly. Mix one part of the dry sand intimately with one part of 
perfectly dry fluor spar in powder ; pour six parts of concentrated sul- 
phuric acid over the mixture in a strong glass flask or in a mineral 
wat-er bottle dry inside, and mix carefully by shaking the vessel. As the 
mixture swells up, when getting warm, it must at first fiU the vessel only 
to one-third. The mouth of the flask or bottle must be closed with a 
perforated cork, or a cap of india-rubber, into which one end of a some- 
what wide glass tube, twice beut at a right angle, is fitted air-tight ; the 
other limb reaching to the bottom of a tall flat-bottomed glass jar with 
just sufficient mercury to allow the end of the tube to dip into it to the ex- 
tent of several lines ; the mercury in the jar is covered with four parts of 
water. Promote the disengagement of fluosilicic gas, which commences 
even in the cold, by exposing the flask or bottle to a moderate heat in 
the sand-bath. Towards the end of the process a pretty strong heat 
should be applied. Every gas bubble ascending through the mercury 
produces in the water a precipitate of hydrated silicic acid. The 
rationale of this process is that, of every three equivalents of fluoride of 
Silicon (Si Fl,), one equivalent decomposes with two equivalents of water 
into silicic acid (Si 0,), which separates, and hydrofluoric acid, which 
Combines with the two undecomposed equivalents of fluoride of Silicon, 
forming hydrofluosilicic acid. 

[3SiF, + 2H0 = 2(HF,SIF,) + SiOJ. 

The precipitated hydrate of silicic acid renders the liquid gelatinous, and 
it is for this reason that the aperture of the exit tube must be placed 
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nader merour^, since it would speedil; be choked if tbis precaution were 
neglected The eame Rud may be attoined also by attaching a funael to 
the esit tube, by meanaof vulcanized india-rubber, and letting the funnel 
alone dip ioto the water. It sometimea happens in the course, and 
especially towards the end of the Operation, that the gas forms complete 
Channels of silica in the gelatinous liquid, through which it gaina tbe 
aurface without imdergoing decompoHition, if ttie liquid is not occa- 
sionaJIy stirred. When the evolutioD of gas has completely ceaeed, 
throw the gelatinous paate upOD a lioen cloth, aqueeze the fluid through, 
and filter it afterwards. Keep the Ültrate for use. 

Teala. — Hydroa uosilicic acid, mixed with two parte of water, muBt 
produce uo precipitate In Solutions of salts ofatrontia. 

{Jges. — Bases decompose with hydrofluoailicic acid, forming water and 
metallic silicofluorides. Hauy of these are iusolnble, whilst otherä are 
soluble ; the latter may therefore by means of this ret^ent be distin- 
guished from the former. In the couree of analysiB, hydrofluosUicio acid 
18 applied ümply for the deteotion of baryta. 

c. SüLPHÜE ACID8. 

§ 28. 

5. Htdhobülfbüric Acid {ifttdphuTeUed Eydrogen) (H S). 

Preparaiiim. — Hydrosulpburic acid gas is evolved best from sulphide 
of iron, which ia brokeu into small lumps, and tben treated with dilute 
Hulphuric acid. Fuaed sulphide of iron may be procured so cheaply in 
comnierce that it ia hardly worth while to take the trouble of preparing 
it expressly. However, if you wiah to prepare it jourself, this may be 
dooe by beating iron tuminga or oaila, f^m 1 to IJ inch long, in a 
Hessian crucible to a white heat. and tben adding small lumps of roll- 
sulphur until the entire Contents of the crucible are in fusion. Aa soon 
as this is the case, pour the fiised 
masB out on Band, or into an old 
Hessian crucible. Or make a 
hole in the bottom of the cruci- 
ble in which you fuse the mass, 
when the sulphide of iron will, as 
fast as it forma, run through the 
hole in the bottom of the cru- 
cible, and may tbus be easily 
received in a coal-shovel placed in 
the ash-pit. Or, introduce aa 
intimate mixture of thirty parte 
of iron filings and twenty-one 
parte of flowera of sulpbur, gra- 
duaily and in small portiona at a 
time, into a red-hot crucibie, 
awaiting always the incandeecence 
Fig. 18. of the portion last introduced, 

before prooeeding to the addition 
of a (resh one. When you have thus put the whole mistiire into tbe 
crucible, cover the latter cloaely, and expoee it to a nioi-e intense beat, 
Bufficient to make the sulphide of iron fuse more or less. 
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The evolation of the gas is effeoted iu the apparatus ülustrated 
by Fig. 18. 

Pour wdter over the sulpliide of iroa ia a, add concentrated stilphurio 
acid, and shake the mixture ; the evolved gas ie washed in c. Wbeu a 
sufficient quanlity of gas ia evolved, pour the fluid fi-om off tho still nti- 
decomposed sulphide of iron, wash the bottle repeatedlj with water, all 
it nith that fluid, and keep it for next Operation. If you neglect thia, 
the apparatus will speedUy beoame iacrusted with ciystals of sulphate 
of protoxide of iron, which is apt to interfere injuriously with aubaeq^uent 
proceases of evolation of gas. 

For larger laboratories, or for chemista, having to operate often and 
largely with hydrosulphuric acid, I can recommend the lead apparatus 
designed by inyself, which I have now for several yeara employed 
with the most aatia&ctory reaulte in my own laboratory* (see Figs. 19 
and 20). 

ab ed and e/g h (Fig. 20) are two cylindrical leaden vessela, soldered 
with pure lead. They are both of the same Bize (in my own apparatus 33 




Fig. 18. 

centimätres high, and 30 centimStres in diameter). t i» a false bcttom 
of lead, perforated like a sieve, placed from 4 to 5 centimStrea above the 
actual bottom of the vessel, and reating on leaden feet, which support it 
on the sidea as well as ^so more purticularly in the middle. The 
nuroerous holea in the sieve-like bottom have a diameter of 1^ milli- 
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metrea ; k shows the opeaing throngh wbicli the aulphide of iron is 
introduced into the vesseL In my apparatus this aperture hati a 
diamoter of 7 centim^res, and is closed 
by putting a greased leather ring on ite 
broad nnootb rim, and presBing down 
lipon this by meana of three wmg«d 
BorewB, tbe broad rim of tbe smooth- 
turned oover. l abowg the opening 
tbrougb which tbe sulutiou of sulj^te 
of i>rotOKide of iran hs drawn off ; it will 
be Seen by tbe drawing tbat tbe bottom 
of the vessel (9 k) slants towards the 
part where this opening is placed. The 
aperture haa a diameter of 3 conti- 
ni^tres ; it is cloaed by meana of a 
«mootb-tamed broad and thick toadea 
cap, fitting on the smooth-tunied 
broad rim, and pressed down upon it 
with a winged acre*. Tbe semi-ellip- 
tical bar in wbicb tbe feiuale screw 
is aet, is moveable, and hiDged to the 
sides of I in a manner to admit of its 
beiDg bent out of reach of tbe üqaid on 
drawing off the latter. The coDStnic- 
tion of the filling tube, m, may be leamed 
from tbe drawing, and equally so that 
of the tube d h, which is intended to 
ßonvey the acid from the apper to tlie 
loner veesel, and viee veraä. Tt will be 
iieen from tbe drawing that this tnbe reacbea down into the slanting and 
deepened part of tbe bottom 3 A, without, bowever, actually touching 
the latter. Tbe tube c e is closed at tbe top, and has, therefore, no 
communioation with the upper vessel, being simply intended to let off 
tbe gas evolved in e/g h ; to wbich end it is connected laterally by a 
brauch tube, with tbe tube ; this latter tube is fitted witb a stop-cock (n). 
Tbe tube q is closed at both ends, and serves simply as au additional 
Support for the upper vesseL The tubea in my apparatus have an inner 
diaroeter of 16 millimätres. 

The procesB of filling ia conducted as follows ; put 3'3 kilogrammes* of 
faeed sulphide of iron, broken in liimps, tbrougb the mouth k, upon tbe 
perforateid bottom i ; acrew tbe Covers properly down upon k and l, shut 
tbe cock n, and pour tbrougb the funnel of m firat 7 litrca of water, 
tben 1 litre of concentrated aulphuric acid, and then again 7 litres of 
water. The air in a tct^escapesin tbia Operation tbrougli^, eveu wben 
the latter tube is already connected with the flasks r, 8, l. 

If the cock n is now opened, and one of tbe cocks u, the acid will flow 
tbrougb tbe tube d l into efg h ; and through o air will escape at first, 
followed by the bydrosulphuric acid evolved mefgK Aa ia aeen ia 
the figure, the tube risea only to a certain elevation, wben it makes a 
bend, running on tlience in a borizoutal direction. Aa many cocks, u u, 
are added as ia thougbt desirable ; tbese eooks are common brass gas stop- 



* The qnantities here giTsn are calcnlateil for au appantne of the dimeDBions Btat«d. 



Fig. 20. 
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oocke, close-fittdng and well ground in. They are connected with & small 
ivaslmig bottle ; a doubJe-bant tube conveya the gas from the latter, 
with th« co-operation of a straight tube connected with it hj means of 
vulcauized india-rubber, into the fluid which it is intended to operate 
on; thiaarrangementgreatlyfaciEtatesthecIeauBiug of the atraighttube 
dippiog into the fluid. TTpon now opening one of the cocke, u, the cook 
n being of conrBe also opeu, yon will at once obtain a current of gas of 
any strength desired, which will keep on for daya in a continuoiia and 
ebeady stream. If all the cocka u, are sbut, the gas evolved in e/g h 
forces the actd back to the upper vesael through the tube h d, and the 
evolution ceasee. 

The oesaation of the evolution of gas ia not instantaneoua, however, 
aa the aulphide of iron in efg h remains still mobtened with aoid ; 
moreover, small particle« of the sulphldea will alwa^s crumble off, and 
dropping tbrough the siere, come ioto contact with the rcst of the acid 
coreriug the bottom, g h. Now the gas which still continues to be 
evolved in efg h, being uo longer able to escape through o, forces the 
fluid np h d, and passing through the acid in ab c d, makes its waj out 
through p. To save this gas and keep it from poisoning the air, the flasks . 
T, », t, are connected with^. t costsins cotton, and serves the purpose of a 
wasbing bottle ;* » and t contfun Solution of ammonia ; but the two flasks 
together should contain no more than eilber of theni can conveniently 
hold ; since, as the pressure of the gaa increasea er relaxes, tlie fluid is 
forced from « to t, or 
back from t to a. It will 
be readily understood 
that sulphide of anuno- 
uium is formed in these 



The evolutiou of gas 
ceasea oompletely when 
all the acid is consumed, 
but there remains stil 1 the 
oae half of the sulphide 
of iron, as the quantity 
used is calculated for 
double tbe amouat of 
acid. The Solution ofsul- 
phate of protozide of 
iron in therefore drawn 
qS, and 1 litre of acid 
and 14 of water again 
ponred in as directed. 
Tbia apparatus is now 
made also of much lesa 
dimenBioDs to adapt it 
for snialler laboratories. 
Kipp has devised a glasa 
apparatus oonstructed 
upon the same prinoiple. 
It is shown in Fig, 21. 
and applicstioi]. 




The drawing fully explains ita construction 
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SuJphuretted hydrogen wcUer {Solution of hydroaulphuric acid) is pre- 
pared by conducting the gas into very cold water, which has been 
previously freed from air by boiling. The Operation is continued until 
the water is completely saturated with the gas, which may be readily 
ascertained by closing the mouth of the flask with the thumb, and 
shaking it a little : if, upon this, a pressure is feit from within, tending 
to push the thumb off the aperture of the flask, the Operation may be 
oonsidered at an end ; but if, on the contrary, the thumb feels sucked 
into the mouth of the flask, this is a sure sign that the water is still 
capable of absorbing more gas. 

Sulphuretted hydrogen water must be kept in well-closed vessels, 
otherwise it will soon suffer complete decomposition, the hydrogen being 
oxidized to water, and a small portion of the sulphur to sulphuric acid, 
the rest of the sulphur separating. The best way of preserving it un- 
altered for a very long time is to pour the freshly-prepared Solution 
immediately into small phials, and to place the latter, carefully corked, 
in an inverted position, into bottles fllled with water. 

Tests. — Pure sulphuretted hydrogen water must be perfectly clear, 
and strongly emit the peculiar odor of the gas ; when treated with 
sesquichloride of iron, it must yield a copious precipitate of sulphur. 
Addition of ammonia must not impart a blackish appearance to it. It 
must leave no residue upon evaporation on platinum. 

Uses, — Hydrosulphuric acid has a strong tendency to undergo decom- 
position with metallic oxides, forming water and metallic sulphides ; and 
the latter being mostly insoluble in water, are usually precipitated in 
the process. The conditions under which the precipitation of certain 
sulphides ensues differ materially ; by altering or modifying these con- 
ditions, we may therefore divide the whole of the precipitable metals 
into groups, as will be found explained below. Hydrosulphuric acid 
is therefore an invaluable agent to effect the Separation of metals into 
principal groups. Some of the precipitated sulphides exhibit a charac- 
teristic color indicative of the individual metals which they respectively 
contain. Hydrosulphuric acid serves thus more particularly for the 
special detection of tin, antimony, arsenic, cadmium, manganese, and 
zinc. For more ample information upon this point, I refer to the third 
section. The great facility with which hydrosulphuric acid is decom- 
posed, renders this substance also a useful reducing agent for many Com- 
pounds ; thus it serves, for instance, to reduce salts of sesquioxide of iron 
to salts of protoxide, chromic acid to the State of sesquioxide of chro- 
mium, &o. In these processes of reduction, the sulphur separates in 
the form of a fine white powder. Whether the hydrosulphuric acid had 
better be applied in the gaseous form, or in aqueous Solution, depends 
always upon the special circumstances of the case. 

III. BASES AND METALS. 
§ 29. 

Bases are divided into oxygen bases and sulphur bases. The former 
result from the combination of metals or of Compound radicals of similar 
character with oxygen, the latter from the combination of the same 
bodies with sulphur. 

The oxygen bases are classified into alkalies, alkaline earths, earths 
proper, and oxides of the heavy metals. The alkalies are readily soluble 
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in water ; the alkaline earths dissolve with greater difficulty in that 
menstruum ; and magnesia, the last member of the class, is only very 
sparingly soluble in it. The earths proper, and the oxides of the heavy 
metals are insoluble in water, or nearly so. The Solutions of the alkalies 
and alkaline earths are causti« when sufficiently concentrated ; they 
have an alkaline taste, change the yellow color of turmeric paper to 
brown, and restore the blue tint of reddened litmus paper ; they saturate 
acids completely, so that even the salts which they form with atrong 
acids do not change vegetable colors, whilst those with weak acids 
generally have an alkaline reaction. The earths proper and the oxides 
of the heavy metals combine likewise with acids to form salts, but, as a 
rule, they do not entirely take away the acid reaction of the latter. 

The sulphur hases resulting from the combination of the metals of the 
alkalies and alkaline earths with sulphur, are soluble in water. The 
Solutions have a strong alkaline reaction. The other sulphur bases do 
not dissolve in water. All sulphur bases form with sulphur acids 
sulphur salts. 

a. OXYGEN BASES, 
a. Alkalies. 

§ 30. 

1. POTASSA (K 0) AND SODA (Na 0). 

The preparation of perfectly pure potassa or soda is a difficult Opera- 
tion. It is advisable, therefore, to prepare, besides perfectly pure caustic 
alkali, also some which is not quite pure, and sdme which, being free 
from certain impurities, may in many cases be safely substituted for the 
pure substance. 

a. Common Solution of 8oda, 

Prepa/ration. — Put into a clean cast-iron pau provided with a lid^ 5^ 
parts of crystallized carbonate of soda of commerce and 20 parts of water, 
heat to boUing, and add, in small portions at a time, thick milk of lime 
prepared by pouring 4 parts of warm water upon 1 \ parts of quicklime, 
and letting the mixture stand in a covered vessel until the lime is 
reduced to. a uniform pulpy mass. Keep the liquid in the pan boiling 
whilst adding the milk of lime, and for a quarter of an hour longer, 
then filter off a small portion, aud try whether the filtrate still 
causes effervescence in hydrochloric acid. If this is the case, the boiling 
must be continued, and, if necessary, some more milk of lime added to 
the fluid. When the Solution is perfectly free from carbonic acid, cover 
the pan, allow the fluid to cool a little, and then draw off the clear Solu- 
tion from the residuary Sediment, by means of a syphon tilled with water, 
and trausfer it to a glass flask. Boil the rcsidue a second and a third 
time with water, and draw off the fluid in the same way. Cover the 
flask close with a glass plate, and allow the lime suspended in the fluid 
to subside completely. Scour the iron pan clean, pour the clear Solu- 
tion back into it, and evaporate it to 11 or 12 parts. The Solution 
so prepared contains from 9 to 10 per cent. of soda. It muat be clear, 
colorless, and as fr«e as possible from carbonic acid ; sulphide of ammo- 
nium must not impart a black color to it. Traces of silicic acid, 
alumina, and phosphoric acid, are usually found in a Solution of soda 
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prepared in this manner ; on which account it is unfit for use in accu- 
rate experiments. 

Solution of soda is kept best in bottles closed with ground glass caps. 
In defiäult of capped bottles, common ones with ground stoppers may 
be used ; but in that case, the neck n^ust be wiped perfectly dry and 
clean inside, and a slip of writing paper rolled round the stopper ; since, 
if these precautions are neglected, it will be found impossible, afber a 
time, to remove the stopper, particularly if the bottle is only rarelj 
opened. 

h, Hydrate of potassa pwrified wUh alcohol. 

Freparation, — Dissolve some sticks of caustio potassa of commerce in 
rectified spirit of wine in a stoppered bottle, bj digestion and shaking; 
let the fluid stand, decant or filter if necessary, and evaporate the clear 
fluid in a covered silver dish over the spirit-lamp, until no more aqueous 
vapors escape ; adding from time to time, during the evaporation, some 
water, to prevent blackening of the mass. Place the silver dish in cold 
water until it has sufficiently cooled ; remove the cake of caustic potassa 
from the dish, break it into coarse lumps in a hot mortar, and keep in 
a well-closed glass bottle. When required for use, dissolve some of it 
in water. 

The hydrate of potassa so prepared is sufficiently pure for most pur- 
poses ; it contains, indeed, a minute trace of alumina, but is usually free 
from phosphoric acid, sulphuric acid, and silicic acid. The Solution must 
remain clear upon addition of sulphide of ammonium ; hydrochloric acid 
must only produce a barely perceptible effervescence in it. The Solution, 
acidified with hydrochloric acid, must, upon evaporation to dryness, leave 
a residue which dissolves in water to a clear fluid ; when boiled with 
molybdate of ammonia, it must exhibit no yellow colour ; when treated 
with ammonia, it ought not to deposit slight flakes of alumina imme- 
diately ; but only affcer standing several hours in a warm place. 

c. Hydrate of potassa prepared with baryta. 

Frepara^ion. — Dissolve pure crystals of baryta (§ 32) by heating with 
water, and add to the Solution pure sulphate of potassa, until a portion 
of the filtered fluid, aoidifled with hydrochloric acid and diluted, no 
longer gives a precipitate on addition of a further quantity of the sul- 
phate (16 parts of crystals of baryta require 9 parts of sulphate of 
potassa). Let the turbid fluid clear, decant, and evaporate in a silver 
dish as in b, The hydrate of potassa so prepared is perfectly pure, 
except that it contains a trifling admixture of sulphate of potassa, which 
is left behind upon dissolving the hydrate in a little water. This hydrate 
is but rarely required, its use being in fact exclusively confined to the 
detection of minute traces of alumina. 

Uses. — The great affinity which the flxed alkalies possess for acids 
renders these substances powerful agents to efiect the decomposition of 
the salts of most bases, and consequently the precipitation of those bases 
which are insoluble in water. Many of the so precipitated oxides redis- 
solve in an excess of the precipitant, as, for instance, alumina, sesqui- 
oxide of chromium, and oxide of lead ; whilst others remain undissolved, 
e. g., sesquioxide of iron, teroxide of bismuth, &c. The flxed alkalies 
serve therefore also as a means to separate the former from the latter. 
Potassa and soda dissolve also many salts (e. g., Chromate of lead)) sul- 
phur Compounds, <&;c., and serve thus to separate and distinguish them 
from other substances. Many of the oxides precipitated by the action 
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of potassa or ßoda exhibit a peculiar color, or possess other charac- 
teristic properties that may serve to lead to the detection of the individual 
metal which they respectively contain ; such are, for instance, the pt-e-- 
cipitate of protoxide of manganese, hydrate of protoxide of iron, sub- 
oxide of mercury, &o. The fixed alkalies expel ammonia from its salts, 
and enable us thus to detect that body by its smell, its reaotion on vege- 
table colors, &c. 

§ 31. 

2. Ammonia — Oxide of Ammonium — (N H^ 0). 

Preparaiion, — The apparatus illustrated by Fig. 18 (§28) may also 
serve for the preparation of Solution of ammouia, with this modification 
however, that no funnel tube being required in the process, the cork 
upon the flask a has only one Perforation for the reoeption of the tube 
which serves to conduct the evolved ammonia into the washing bottle. 
Introduce into a 4 parts of chloride of ammonium in pieces about the 
size of a pea, and dry hydrate of lime prepared from 5 parts of lime ; 
mix by shaking the flask, and add cautiously a sufficient quantity of 
water to make the powder into lumps. Put a small quantity of water 
only into the washing bottle (which should be rather capacious); but 
have 10 parts of water in the flask which is inten ded for the flnal recep- 
tion of the washed gas. Set the flask a now in a sand bath, connect 
it with the rest of the apparatus, place the flask c? in a vessel of cold 
water, and apply heat. The evolution of gas speedily commences. Con- 
tinue to heat uutil no more bubbles appear. Open the cork of the flask a, 
to prevent the receding of the fluid. The Solution of ammonia con- 
tained in the washing bottle is impure, but that contained in the 
receiver d is perfectly pure; dilute it with water until the specific 
gravity is about 0*96 = 10 per cent. of ammonia. Keep the fluid in 
bottles closed with ground Stoppers. This is the best way of preparing 
Solution of ammonia in small quantities. That prepared on a large 
Scale in cast-iron vessels is of course cheaper. 

Tests, — Solution of ammonia must be colorless, and öught not to 
leave the least residue when evaporated on a watch-glass, nor should it 
cause the slightest turbidity in lime water (carbouic acid). When super- 
saturated with nitric acid, neither Solution of nitrate of baryta, nor of 
nitrate of silver, must render it turbid, nor must sulphuretted hydrogen 
impart to it the slightest color. 

Uses, — Solution of ammonia, although formed by conducting ammo- 
niacal gas (N HJ into water, and letting that gas escape upon exposure 
to the air, and much quicker when heated, is conveniently regarded as a 
Solution of oxide of ammonium (N H^ O) in water, the equivalent of 
water (HO) existing with NH, being assumed to form with the 
latter N H^ 0. Solution of ammonia is accordingly regarded as corre- 
sponding to the Solution of potassa and soda, which gi*eatly serves to 
facilitate the explanation of many chemical transformations into which 
the ammoniacal Compounds enter, the oxygen salts resulting from the 
neutralization of oxygen acids by Solution of ammonia being also assumed 
to contain oxide of ammonium N H^ O, instead of N H^. In the pre- 
sent edition, therefore, ammonia signifies oxide of ammonium (N H^ O), 
and corresponds to the oxides of potassium and sodium, or potassa and 
soda. Ammonia is one of the most frequently used reagents. It is 
especially applied for the Saturation of acid fluids, and also to eflect the 
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precipitation of a great manj metallic oxides and earths ; many of these 
preoipitates redissolve in an excess of ammonia, as, for instauce, the 
Oxides of zinc, cadmium, silver, copper, &c., whilst others are insoluble 
in free ammonia. This reagent may serve, therefore, to separate and 
distinguish the former from the latter. Some of these preoipitates, as 
well as their Solutions in ammonia, exhibit peculiar colors, which may 
at once lead to the detection of the individual metal which they respec- 
tively contain. 

Many of the oxides which are precipitated by ammonia from neutral 
Solutions, are not precipitated by this reagent from acid Solutions, their 
precipitation from the latter being prevented by the formation of a salt 
of ammonia. Compare § 51, choride of ammonium. 

ß. ALKALINE EARTHS. 

§ 32. 
1. Baryta (Ba 0). 

PreparcUion. — a. From sviphate of haryta. Mix together 6 parts 
of finely pulverized sulphate of baryta, 1 part of powdered charcoal, 
and 1 J part of flour ; or 8 parts of sulphate of baryta, 2 parts of char- 
coal, and 1 part of common resin. Put the mixture in a crucible, and 
expose it in a wind fumace to a long-continued red heat ; or put the 
mixture in ^n earthen pot, lute the lid on with clay, and expose the 
pot to the heat of a brick-kiln. Boil the crude sulphide of barium 
obtained by this process for some time with water, and, when the 
crystallization point is attained, filter off hot : let the filtrate cool in a 
well-covered vesseJ. Pour ofF the mother liquor, which, together with 
the residue left from the boiling of the sulphide of barium, may be used 
for the preparation of chloride of barium ; boil the crystals with just 
sufficient water to dissolve them ; keep boiling (taking care to replace 
the evaporated water) ; add finely triturated and siffced copper scales in 
small portions at a time, until a filtered sample of the fluid gives a 
pure white precipitatö when mixed with a little acetate of lead. 
Filter boiling. As Solution of baryta eagerly absorbs carbonic acid 
from the air, great care must be taten to exclude the air in the pro- 
cesses of filtration and crystallization. To effect this it is necessary 
to place the beaker intended to receive the fil träte on a flat dish or 
flat iron pot containing a little milk of lime, invert a bell-glass over it 
with an opening in the top, insert the funnel through this, filter, 
then remove the funnel, close the opening in the top of the bell-glass 
with an india-rubber cap, and let the fluid thus protected from access of 
air stand for several days in a cool place. After this decant the fluid 
(baryta water), let the crystals (Ba 0, H O + 8 aq.) drain in a well- 
covered funnel, dry them quickly between sheets of blotting-paper, and 
keep them in well-stoppered bottles. For use dissolve 1 part in 20 
parts of water, and filter. The baryta water so obtained is preferable 
to that decanted from the crystals. 

h. From nitrate of baryta. Project a mixture of 8 parts of finely 
pulverized nitrate of baryta and 3 parts of clean iron filings, a spoonftil 
at a time, but not in too quick succession, into a ret-hot Hessian, or, 
better still, into a red-hot iron crucible. When the mass has left o£F 
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frothing, and become pastj and in the end friable, take it out with an 
iron spatula, let it cool, and when cool powder it. Boil the crucible 
now for half an hour with 64 parts of water in an irpn pot, take the 
crucible out, put the powdered mass into the boiling fluid, add 1 6 parts 
more of water, boil another half hour, filter, and proceed with the 
filtrate as in a ( Wütstein). 

c. From Witherite. Mix intimately 100 parts of finely pulverized 
Witherite, 10 parts of powdered charcoal, and 5 parts of resin ; or 100 
parts of Witherite and 15 parts of finely powdered caking coal. Put 
the mixture in a pot or crucible, lute on the lid with clay, and expose 
to the heat of a brick-kiln. Tiiturate the mass, and boil the powder 
with water ; filter, and proceed with the filtrate as in a. The undis- 
solved residue, which consists of undecomposed Witherite and coal, may 
be used in the preparation of chloride of barium. This is a most 
excellent method, both as regards cheapness and purity of product 

Tests, — Solution of baryta, or baryta water, must, after precipitation of 
the baryta by sulphuric acid, give a filtrate remaining clear when mixed 
with spirit of wine, and leaving no fixed residue upon evaporation in a 
platinum crucible. 

[/ses. — Caustic barjrta, being a strong base, precipitates the earths and 
metallic oxides insoluble in water from the Solutions of their salts. In 
the courae of analysis we use it simply to precipitate magnesia. Baryta 
water may also be used to precipitate those acids which form insoluble 
Compounds with this base ; it is applied with this view to efiect the detec- 
tion of carbonic acid, the removal of sulphuric acid, pbosphoric acid, <fec. 

§ 33. 

2. Limb (CaO). 

Weuse — 

a. Hydrate oflime, 

6. LifM water, 

The former is obtained by slackingpure calcined lime in lumps, in a 
porcelain dish, with half its weight of water. Hydrate of lime must be 
kept in a well-stoppered bottle. 

To prepare lime water, digest hydrate of lime for some time with cold 
distilled water, shaking the mixture occasioually ; let the undissolved 
portion of lime subside, decant, and keep the clear fluid in a well-stop- 
pered flask. 

l'ests. — Lime water must impart a strongly-marked brown tint to 
turmeric paper, and give a considerable precipitate with carbonate of 
soda. It speedily loses these properties upon exposure to air, and is 
thereby rendered totally unfit for analytical purposes. * 

Uses, — Lime forms with many acids insoluble, with others soluble 
salts. Lime water may therefore serve to distinguish the former acids, 
which it precipitates from their Solutions, from the latter, which it will of 
course fail to precipitate. Many of the precipitable acids are thrown down 
only under certain conditions, e. g.y on boiliDg (citric acid), which aflbrds 
a ready means of distinguishing between them by altering these condi- 
tions. We use lime water in analysis principally to effect the detection 
of carbonic acid, and also to distinguish between citric acid and tartaric 
acid. Hydrate of lime is chiefly used to liberate ammonia from the 
salts of ammonia. 
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y. HEAVr METALS AND THETR OXIDES. 

§ 34. 

1. ZiNC (Zn). 

Se.ect zinc of good quality and, above all, perfectly free from arsenia 
The inethod described §§ 131, 10 will serve to detect the presence of the 
slightest trace of this substance. Fuse the metal, and pour the fused 
mass in a thin unbroken stream into a large vessel with water. Shonld 
the zinc contain arsenic, put the granulated metal into a Hessian crucible, 
in altemate layers, with i part of nitrate of potassa, heat the crucible 
graduallj untü the reaction sets in, and the metal ultimatelj fuses ; 
granulate now again {MeUlet), 

Uaea, — Zinc serves in qualitative analysis for the evolution of hydrogen, 
and also of arsenetted and antimonetted hydrogen gases (compare §§ 130 
and 131); it is occasionally used also to precipitate some metals from 
theii^ Solutions ; in which process the zinc simply displaces the other 
metal (Cu 0, S 0, + Zn = Zn O, S O, + Cu). 

§ 35. 

2. Iron (Fe). 

Iron reduces many metals, and precipitates them from their Solutions 
in the metallic State. We use it especially for the detection of copper, 
which precipitates upon it with its characteristic color. Any clean 
surface of iron, such as a knife-blade, a needle, a piece of wire, <fec., will 
serve for this purpose. 

§ 36. 

3. Copper (Cu). 

We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coating shining with silvery lustre when 
rubbed. A copper coin scoured with fine sand, or in fact any clean sur- 
face of copper, may be employed for this purpose. 

§ 37. 
4. Hydrate op Teroxide dp Bismuth (BiO,,HO).* 

Freparatum. — Dissolve bismuth, freed from arsenic by fusion with 
hepar sulphuris or nitrate of potassa, in dilute nitric acid ; dilute the 
Solution as much as is practicable without producing a permanent preci- 
pitate ; filter, and evaporate the filtrate to crystallization. Wash the 
crystals with water containing nitric acid, triturate them with water, 
add ammonia in excess, and let the mixture digest for some time ; then 
filter, wash, and dry the white precipitate, and keep it for use. 

Tests, — Hydrosulphuric acid must throw down from a Solution of 
this reagent in dilute nitric acid, a precipitate insoluble in ammonia and 
sulphide of ammonium ; and, accordingly, the fluid filtered ofF from the 
precipitate treated with ammonia must remain perfectly clear upon addi- 
tion of hydrochloric acid, whilst in that filtered ofF from the precipitate 

* The basic nitrate of teroxide of bismuth of commerce, if perfectly firee from arsenic 
and antimouy, may also be used instead of the hydrate of teroxide. 
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treated with sulphide of ammonium, that acid most only prodace a pure 
white turbidity (sulphur). 

Useg. — Teroxide of bismuth, when boiled with alkaline Solutions of 
metallic sulphides, decompoees with the latter, giving rise to the forma- 
tion of metallic oxides and sulphide of bismuth. It is better adapted 
to efiect decompoeitions of this kindthan oxide of copper, since it enables 
the Operator to judge immediately upon the addition of a fresh portion 
whether the deoomposition is complete or not. It has still another ad- 
vantage over oxide of oopper, viz., it does not^ like the latter, dissolve 
in the alkaline fluid in presence of organic substances j nor does it act 
as a reducing agent upon reducible oxygen Compounds. We use it 
principally to convert tersulphide and pentasulphide of arsenic into 
arsenious and arsenic acids, for which pui*po6e oxide of copper is alto- 
gether inapplicable, since it converts the arsenious acid immediately 
into arsenic acid, being itself reduced to the State of suboxide. 

h. SULPHüK BASES. 

§38. 
1. Sulphide of Ammonium (NH^S). 

We use in analysis — 

a, Colorless proto-sulphide qf amTnonium, 

h. YeUowbi'f ter-f dsc^ sulphide of ammonmm» 

Preparation, — Tranamit hydrosulphuric acid gas through 3 parts 
of Solution of oxide of ammonium until no further absorption takes 
place ; then add 2 parts more of the same Solution of oxide of ammo- 
nium. The action of hydrosulphuric acid upon oxide of ammonium gives 
rise to the formatiou, first, of N H,, S (N H, O and H S = N H, S and 
H O), then of N H^ S, H S ; upon addition of the same quantity of Solu- 
tion of ammonia as has been saturated, the oxide of ammonium decom- 
poses with the double sulphide of ammonium and hydrogen, or, as it is 
commonly called, the hydrosulphate of sulphide of ammonium, and 
simple or proto-sulphide of ammonium is formed (NH^S, HS + NH^ 
= 2 (N H^ S) + H O. The rule, however, is to add only two-thirds of 
the quantity of Solution of ammonia, as it is better the preparation 
should contain alittle hydrosulphate of sulphide of ammonium, than that 
free ammonia should be present. To employ, as has usually been the 
case hitherto, hydrosulphate of sulphide of ammonium instead of the 
simple proto-sulphide, is unnecessary, and simply tends to increase the 
smell of sulphuretted hydrogen in the laboratory, as the preparation 
allows that gas to escape when in contact with metallic sulphur acids. 

Sulphide of ammonium should be kept in small well-stoppered bottles. 
It is colourless at first, and deposits no sulphur upon addition of acida 
Upon exposure to the air, however, it acquires a yellow tint, owing 
to the formation of bisulphide of ammonium, which is attended also 
with formation of ammonia and water : 

2(NH,S) + = NH,S, + NH, + H0. 

Continued action of the oxygen of the air upon the sulphide of ammo- 
nium tends at first to the formation of still higher sulphides j but after- 
wards the fluid deposits sulphur, and, in the end, there remains 
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Bothing in Solution but pure ammonia, the whole of the sulpliur having 
separated. 

The sulphide of ammonium, which has tumed yellow by exposure to 
the air, may be used tbr all purposes requiring the employment of yellow 
sulphide of ammonium : the yellow sulphide may also be expeditiously 
prepared by digesting the proto- sulphide with some sulphur. All kinds 
of yellow sulphide of ammonium deposit sulphur, and look turbid and 
milky on being mixed with acids. 

Tests, — Sulphide of ammonium must strongly emit the odor peculiar 
to it ; with acids it must evolve abundauce of sulphuretted hydrogen ; the 
evolution of gas may be attended by the Separation of a pure white de- 
posit, but no other precipitate must be formed. Upon evaporation and 
exposure to a red heat on a platiuum dish, it must leave no residue. It 
must not precipitate, nor even render turbid, Solution of magnesia or 
Solution of lime (carbonate of ammouia or free ammonia). 

Uses, — Sulphide of ammonium is one of the most frequently employed 
i'eagents. It serves (a) to effect the precipitation of those metals which 
hydrosulphuric acid falls to throw down from acid Solutions, e.g.of iron, 
cobalt, &c. (N H, S + Fe O, S O, = Fe S + N H, O, S O,), (6) to separate 
the metallic sulphides thrown down from acid Solutions by hydrosul- 
phuric acid, as it dissolves some of them to sulphur salts, as, for iustance, 
the sulphides of arsenic and antimony, <fec. (N H^ S, As S3, &c.), whilst 
leaving others undissolved — for instance, sulphide of lead, sulphide of 
cadmium, <fec. The sulphide of ammonium used for this purpose must 
contain an excess of sulphur, if the metallic sulphides to be dissolved 
will dissolve only as higher sulphides, as, for instance, SnS, which 
dissolves with ease only as Sn S^. 

From Solutions of salts of alumina and sesquioxide of chromium, 
sulphide of ammonium precipitates hydrates of these oxides, with escape 
of sulphuretted hydrogen, as the sulphur Compounds corresponding to 
these oxides cannot form in the humid way. [Al^ O3, 3 S 0, + 3 N H^ S = 
AI, O,, 3 H O + 3 (N H^ O, S 0,) ]. Salts insoluble in water are thrown 
down by sulphide of ammonium unaltered from their Solutions in 
acids ; thus, for instance, phosphate of lime is i)recipitated unaltered 
from its Solution in hydrochloric acid. 

§39. 
2. Sulphide of Sodium (Na S). 

Preparation. — Same as sulphide of ammonium, except that Solution 
of soda is substituted for Solution of ammonia. Keep the fluid ob- 
tained in well-stoppered bottles. If required to contain some higher 
sulphide of sodium, digest it with powdered sulphur. 

Uses. — Sulphide of sodium is substituted for sulphide of ammonium 
to effect the Separation of sulphide of copper from sulphur Compounds 
soluble in alkaline sulphides, e. g., from proto-sulphide of tin, as sulphide 
of copper is not quite insoluble in sulphide of ammonium. 

IV. SALTS. 

Of the many salts employed as reagents, those of potassa, soda, and 
ammonia are used principally on account of their acids; salts of 
soda may, therefore, ofben be substituted for the corresponding potassa 
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salts, (&c. Thus it is almost always a matter of perfect indifiference 
whether we use carbonate of soda or carbonate of potassa, ferrocyanide 
of potassium or ferrocyanide of sodium, &c. I have, accordingly, here 
classified the salts of the alkalies hy their acids, With the salts of the 
alkaline earths and those of the oxides of the heavy metals the case is 
different ; these are not nsed for their acid, but for their base ; we may, 
therefore, often Substitute for one salt of a base another similar one, 
as e,g., ni träte or acetate of baryta for chloride of barium, <fec. For 
this reason I have classified the salts of the alkaline earths and of the 
heavy metals by their bases, 

a, SALTS OF THE ALKALIES. 

§40. 

L SüLPHATE OP POTASSA (K O, S O^). 

Freparation. — Purify sulphate of potassa of commerce by recrystal- 
lization, and dissolve 1 part of the pure salt in 1.2 parts of water. 

Uses. — Sulphate of potassa serves to detect and separate baryta and 
strontia. It is in many cases used in preference to dilute sulphuric 
acid; which is employed for the same purpose, as it does not, like the 
latter reagent, disturb the neutrality of the Solution, 

§41. 
2. Phosphate of Soda (2 Na O, H 0, P 0, + 24 aq.). 

Freparation. — Purify phosphate of soda of commerce by recrystalli- 
zation, and dissolve one part of the pure salt in 10 parts of water for 
use. 

Tests. — Solution of phosphate of soda must not become turbid when 
heated with ammonia. The precipitates which Solution of nitrate of 
baryta and Solution of nitrate of silver produce in it, must completely, 
and without effervescence, redissolve upon addition of dilute nitric 
acid. 

Uses. — Phosphate of soda precipitates the alkaline earths, and all 
metallic oxides, by double affinity. It serves, in the course of analysis, 
after the Separation of the oxides of the heavy metals, as a test for 
alkaline earths in general ; and, afber the Separation of baryta, strontia, 
and lime, as a special test for the detection of magnesia ; for which latter 
purpose it is used in conjunction with ammonia, the magnesia preci- 
pitating, under these circumstances, as basic phosphate of magnesia and 
ammonia. 

§42. 

3. Oxalate of Ammonia (N H^ O, C, O, + aq., or NH^O, O + aq.). 

Freparation. — Dissolve commercial oxalic acid in 20 parts of water, 
add caustic ammonia, or carbonate of ammonia, until the fluid begins 
to manifest a slight alkaline reaction ; let it stand at rest for 12 hours, 
filter, and evapomte to crystallization. Purify by recrystallization. Dis- 
solve 1 part of the pure salt in 24 parts of water for use. 

Tests. — The Solution of Oxalate of ammonia must not be precipi- 
tated nor rendered turbid by hydrosulphuric acid, nor by sulphide of 
ammonium. 

Uses. — Oxalic acid forms with lime, strontia, baryta, oxide of lead, 
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and other metallic oxides, iosoluble or very difficultly soluble Com- 
pounds ; Oxalate of ammonia produces, therefore, in the aqueous Solutions 
of tbe salts of these bases precipitates of the corresponding Oxalates. In 
analysis it serves principally for the detection of lime. 

§ 43. 
4. AcETATE or Soda (Na O, C^ H^ O, + 6 aq., or Na O, Ä + 6 aq.). 

Freparation, — Dissolve crystallized carbonate of soda in a little water, 
add to the Solution acetic acid to slight excess, evaporate to erystal- 
lization, and purify the salt by recrystallization. For use dissolve 1 
part of the salt in 10 parts of water. 

Tests, — Acetate of soda when boiled with a Solution of molybdate of 
ammonia mixed with hydrochloric acid must not impart a yellow color 
to it. 

Uses, — The strenger aeids in the free state decompose acetate of soda, 
combining with the base, and setting the acetic acid free. In the course 
of analysis, acetate of soda is used principally to precipitate phosphate of 
sesquioxide of iron (which is insoluble in acetic acid) from its Solution in 
hydrochloric acid. 

§ 44. 

5. Carbonate of Soda (NaO, CO, + 10 aq.). 

Preparation. — Take bicarbonate of soda of commerce, put the powder 
into a funnel stopped loosely with some cotton, make the suiface even, 
Cover it with a diso of difficultly permeable paper with tumed-up 
edges, and wash by pouring small quantities of water on the paper disc, 
until the filtrate, when aciditied with nitric acid, is not rendered turbid 
by Solution of nitrate of silver, nor by Solution of chloride of barium. 
Let the salt dry, and then convert it by gentle ignition into the simple 
carbonate. This is effected best in a crucible or dish of silver or plati- 
num ; but it may be done also in a perfectly clean vessel of cast iron, or, 
on a small scale, in a porcelain dish. Pure carbonate of soda may be 
obtained also by repeated recrystallization of carbonate of soda of com- 
merce. For use, dissolve l part of the anhydrous salt or 2*7 parts of 
the crystallized salt in 5 parts of water. 

Tests. — Carbonate of soda intended for analytical pui-poses must be 
perfectly white. Its Solution, when snpersaturated with nitric acid, must 
not be rendered turbid by chloride of barium nor by nitrate of silver ; 
nor must addition of sulphocyanide of potassium impart a red, or boiling 
with molybdate of ammonia a yellow tint to it ; the residue which 
reraains upon evaporating its Solution to dryness, after previous super- 
saturation with hydrochloric acid, must legve no residue (silicic acid) 
when redissolved in water. .. ' ,: 

Uses. — With the exception of the alkalies, carbonate of soda precipi- 
tates the whole of the bases, most of them as carbonates, but some also 
as hydrated oxides. Those bases which are soluble in water as bicar- 
bonates require boiling for their complete precipitation from acid Solu- 
tions. Many of the precipitates prodnced by the action of carbonate of 
soda exhibit a characteristic color, whicWmay lead tö the detection of 
the individual metals which they respectively contain^ Solution of car- 
bonate of soda serves, moreover, for the decomposition of many insoluble 
salts of the alkaline earths or of the metals^ more particularly of those 
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with organic acids. TJpon boiling with carbonate of soda, these salts are 
converted into insoluble carbonates, whilst the acids combine with the 
8oda, and are thus obtained in Solution in the form of salts of soda. 
Carbonate of soda is often used also to saturate free acids. 

§ 45. 
6. Carbonate of Ammonia (N H^ 0, C OJ. 

Preparation, — ^We use for the purposes of chemical analysis purified 
sesqmcarbonate of ammonia, eutirely free from any smell of animal oil, 
such as is prepared on a large sale from ohloride of ammonium and car- 
bonate of lime hj Sublimation. The outer and the inner surface of the 
mass are carefully scraped. One part of the salt is dissolved by digestion 
with 4 parts of water, to which one part of Solution of caustic am- 
monia has been added. 

Tests, — Pure carbonate of ammonia must completely volatilize. 
Neither Solution of nitrate of baryta nor nitrate of silver, nor sul- 
phuretted hydrogen, must color or precipitate it, after supersaturation 
with nitric acid. 

Uses. — Carbonate of ammonia precipitates, like carbonate of soda, 
most metallic oxides and earths ; it is generally employed in preference 
to the latter reagent, because it introduces no non-volatile body into 
the Solution. Complete precipitation of many of the oxides takes place 
only on boiling. Several of the precipitates redissolve again in an 
excess of the precipitant. In like manner, carbonate of ammonia dissolves 
many hydrated oxides, and thus enables us to distinguish and separate 
them from others which are insoluble in this reagent. 

Carbonate of ammonia, like caustic ammonia, and for the same reason, 
fails to precipitate from acid Solutions many oxides which it precipitates 
from neutral Solutions. (Compare § 51.) We use carbonate of ammonia 
in chemical analysis principally to effect the precipitation of baryta, 
strontia, and lime, and the Separation 'of these substances from magnesia, 
as the latter is not precipitated by this reagent in the presence of salts 
of ammonia. 

§ 46. 
7. BisüLPHiTE OF Soda (Na O, 2 S O^). 

Preparation. — Heat 5 parts of copper shreds with 20 parts of con- 
centrated sulphuric acid in a flask, and conduct the sulphurous acid 
gas evolved, first through a washing bettle containing some water, then 
into a flask containing 4 parts of puriüed bicarbonate of soda (§ 44), 
or 7 parts of crystallized carbonate of soda, and from 20 to 30 parts 
of water, and which is not much more than half füll ; continue the 
transmission of the gas until the evolution of carbonic acid ceases. 
Keep the Solution, which smells strongly of sulphurous acid, in a well- 
stoppered bottle. 

Tests, — Sulphite of soda, when evaporated to dryness with pure sul- 
phuric acid, must leave a residue,* the aqueous Solution of which is not 
altered by hydrosulphuric acid, nor coloured yellow by boiling with a 
Solution of molybdate of ammonia inixed with liydrochloric acid. 

Uaet, — Sulphurous acid has a great tendency to pass to the State of 

* The evaporation is attended with copious evolution of sulphurous acid. 



46 NITRITE OF POTASSA. [§§ 47 — 49. 

snlphuric acid by absorbing oxygen. It is therefore one of our most 
powerful reducing agents. Sulphite of soda, which Las the advantage of 
being less readily decomposed than sulphurous acid, acts in an analogous 
manner as a reducing agent upon acids and higher oxides. We employ 
it principally to reduce arsenic acid to arsenious acid, chromic acid to 
sesquioxide of chromium, and sesquioxide of iron to protoxide. 

§ 47. 
8. Nitrite op Potassa (K O, N O3). 

Preparation. — Fuse 1 part of nitrate of potassa in an iron pan, then 
add 2 parts of lead, and keep stirring the mixture with an iron rod. 
The lead oxidizes in a great measure even at a dull red heat, changing 
to a yellow powder j to oxidize the last remaining particles of the metal, 
increase the heat to visible redness ; in this process the mixture generally 
takes fire ; this, however, is entirely without danger, at least when no 
more than a quarter of a pound of nitrate of potassa has been used. Let 
the mass cool, and then treat it with cold water to dissolve out the 
soluble paH ; filter this Solution, and conduct carbonic acid into the 
filtrate. This serves to precipitate nearly the whole of the oxide of 
lead that has passed into the Solution ; a little hydrosulphuric acid will 
remove the remainder. Filter again, and evaporate the filtrate to 
dryness, stirring the mass towards the end of the Operation ; heat the 
dry residue to fusion, to destroy any hyposulphite of potassa that may 
have been formed. Dissolve 1 part of the fused mass in 2 parts of water 
for use (Aug, Stromeyer). 

Tests. — Nitrite of potassa must, upon addition of dilute sulphuric acid, 
copiously evolve nitric oxide gas. 

(Tses, — Nitrite of potassa is an excellent means to effect the detection 
and Separation of cobalt ; in the Solutions of which metal it produces a 
precipitate of nitrite of potassa and sesquioxide of cobalt. It serves also 
in presence of free acid to liberate lodine from its Compounds. 

§ 48. 

9. BlCHROMATE OF POTASSA (K O, 2 Cr Oj). 

Preparaticm. — Purify the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parts of water for use. 

üses, — Chromate of potassa decoraposes most of the soluble salts of 
metallic oxides, by double affinity. Most of the precipitate«! Chromates 
are very diflBcultly soluble, and many of them exhibit characteristic 
oolors which lead readily to the detection of the particular metal which 
they respectively contain. We use bichromate of potassa principally as 
a test for lead. 

§ 49. 

10. Antimonate op Potassa (K 0, Sb O, + 5 aq.). 

Preparation, — Deflagrate in a Hessian crucible 1 part of antimony 
with 4 parts of nitrate of potassa, and extract the soluble part of the 
mass with cold water ; boil the residue from 2 to 3 hours with 12 
parts of water, taking care to replace the evaporating water ^ this 
serves to convert the insoluble antimonate of potassa into the soluble 
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Salt. Filter the Solution from the small amount of binantimonate which 
still remains undissolved, and keep for use. 

üaea. — Antimouic acid forms with soda a very difficultly soluble 
Salt. Antimonate of potassa afifords us, therofore, a means of detecting 
the presence of soda For certain conditions and preoautions to be 
observed in its application, I refer to § 89. 

§ 50. 

11. MOLYBDATE OP AmMONIA (N H^. Mo 0,). 

Preparation. — Triturate sulphide of molybdenum with an equal bulk 
of coarse quartz sand washed with hydrochloric acid, until the mass 
is reduced to a moderately fine powder {Brunner) ; heat the powder 
to feeble redness, until the mass has acquired a lemon-yellow color 
(which after cooling turns whitish)* With small quantities, this Ope- 
ration may be conducted in a flat platinum dish, with large quantities, 
in a muffle properly protected from the ashes; take care to stir 
the mixture repeatedly during the Operation. After cooling, digest 
the impure molybdic acid produced with Solution of ammonia, and let 
the Solution stand at rest for some time in a beaker covered with 
filtering paper ; a yellowish precipitate containing sesquioxide of iron 
will usually subside. Filter, and keep the perfectly colorless fluid for 
use. It is sufficiently concentrated if it contains 5 per cent. of molybdic 
acid. Keep the residuary sulphide of molybdenum for the next Operation. 

Tests. — Solution of molybdate of ammonia mixed with nitric acid or 
hydrochloric acid until the precipitate of molybdic acid which forms at 
first is redissolved, must reraain colourless upon boiling. If it acquires 
a yellow tink, the reagent contains phosphoric acid, and is unflt for use 
(supposing always, of course, that the hydrochloric or nitric acid was 
perfectly pure). 

Uses. — Molybdic acid forms with phosphoric acid and ammonia a 
peculiar Compound which, in presence of an excess of molybdic acid, is 
very difficultly soluble in water and acids. The hot Solution of this 
Compound has an intensely yellow color. Molybdate of ammonia 
affords therefore an excellent means to detect minute quantities of phos- 
phoric acid. 

§ 51. 

12. Chloride dp Ammonium (NH^, Cl). 

Frepa/ration, — Select sublimed white sal ammoniac of commerce. If 
it contains iron, it must be purified. For that purpose, add to the Solution 
some sulphide of ammonium, let the precipitate which forms subside, and 
filter : add hvdrochloric acid to the filtrate until the latter manifests a 
feebly acid reaction ; boil the mixture some time, saturate with ammonia, 
filter, if necessary, and crystallize. For use, dissolve 1 part of the salt 
in 8 parts of water. 

Tests. — Solution of chloride of ammonium must upon evaporation 
on a platinum knife leave a residue which volatilizes completely upon 
continued application of heat. Sulphide of ammonium must leave it 
unaltered. Its reaction must be perfectly neutral. 

l/ses. — Chloride of ammonium serves principally to retain in Solution 
certain oxides (e. g., protoxide of manganese, magnesia) or salts (e. g.y 
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tartrate of lime), upon the precipitation of other ozides or salts by 
ammouia or some other reagent. This application of ohloride of ammo- 
niam is based upon the tendencj of the ammonia salts to form double 
Compounds with other salts. Chloride of ammonium serves also to dis- 
tinguish between predpitatespossessedof similar properties ; forinstanoeiy 
to distinguish the basic phosphctle of magnesia and armnonia, which is 
insoluble in chloride of ammonium, from other precipitates of magnesia. 
It is used also to precipitate from their Solutions in potassa various sub- 
stances which are soluble in that alkali, but insoluble in ammonia ; e, g., 
alumina, sesquioxide of chromium, <kc. In this process the elementsof the 
chloride of ammonium transpose with those of the potassa, and chloride 
of potassium, water, and ammonia are formed. Chloride of ammonium 
is applied also as a specicU reagent to effect the precipitation of platinum 
as ammonio-bichloride of platinum. 

§ 52. 
13. Cyanide of Potassiüm (K Cy). 

Preparation, — Heat ferrocyanide of potassiüm of commerce (perfectly 
free from sulphate of potassa) gently, with stirring, until the crystalli- 
zation water is completely expelled ; triturate the anhydrous mass, and 
mix 8 parts of the dry powder with 3 parts of perfectly dry car- 
bonate of potassa ; fuse the mixture in a covered Hesaian or, better 
still, in a covered iron crucible until the mass is in a faint glow, and 
appears clear, and a sample of it, taken out with an iron spatula, looks 
perfectly white. Remove the crucible now from the fire, tap it gently, 
and let it cool a little until the evolution of gas has ceased ; pour the 
fused Cyanide of potassiüm into a heated cnicible-shaped vessel of 
clean scoured iron or silver, or into a moderately bot Hessian crucible, 
with proper care, to prevent the running out of any of the minute par- 
ticles of iron which have separated in the process of fusion and have sub- 
sided to the bottom of the crucible. Let the mass now slowly cool in a 
somewhat warm place. The Cyanide of potassiüm so prepared is exceed- 
ingly well adapted for analytical purposes, although it contains car- 
bonate and cyanate of potassa ; which latter is upon Solution in water 
transformed into carbonate of ammonia and carbonate of potassa 
(K O, C, N + 4 H O = K O, C O, + N H, O, C O,). The proper 
formula for the Cyanide of potassiüm is therefore 5 K Cy + K O, 
Cy O 4- a; K 0, C Oj. Keep it in the solid form in a well-stoppered 
bottle, and for use dissolve 1 part in 4 parts of distilled water, without 
application of heat. 

Tests, — Cyanide of potassiüm must be of a milk-white color, and 
quite free from particles of iron or charcoal. It must completely dis- 
solve in water to a clear fluid. It must contain neither silicic acid nor 
sulphide of potassiüm ; the precipitate which salts of lead produce in its 
Solution must accordingly be of a white color, and the residue which 
its Solution leaves upon evaporation, afber previous suijersaturation 
with hydrochloric acid, must completely dissolve in water to a clear 
fluid. 

üses. — Cyanide of potassiüm prepared in the manner described produces 
in the Solutions of most of the salts with metallic oxides, precipitates of 
cyanides of metals or of oxides or carbonates, which are insoluble in 
water. The precipitated cyanides are soluble in Cyanide of potassiüm, 
and may therefore be separated from the oxides or carbonates which are 
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insoluble in Cyanide of potassium, by further addition of the reagent. 
Some of the metallic cyauides redissolve in the Cyanide of potassium, 
even in presence of free hydrocyanic acid and upon boiling, invariably 
BS double cyanides ; whilst others combine with cyanogen, forming new 
radicals, which remain in Solution in combination with the potassium. 
The most common Compounds of this nature are oobalticyanide of potas- 
sium, and ferro- and ferricyanide of potassium. These differ from the 
double cyanides of the other descriptions particularly in this, that 
dilute acids fail to precipitate the metallic cyanides which they contain. 
Cyanide of potassium may accordingly serve also to separate the metals 
which form Compounds of the latter description from others, the 
cyanides of which are precipitated by acids from their Solution in 
Cyanide of potassium. In the course of analysis, this reagent serves 
to effect the Separation of cobalt from nickel, and also of copper from 
cadmium. 

§ 53. 

14. Ferrocyanide of Potassium (2 K, C^ N, Fe+ 3 aq. = 2 K, 

Cfy + 3 aq.). 

Frepa/rcUion. — The ferrocyanide of potassium is found in commerce 
Bufficiently pure for the purposes of chemical analysis. 1 part of the 
Salt is dissolved'in 12 parts of water for use. 

Uses, — Ferrocyanogen forms with most metals Compounds insoluble 
in water, and which frequently exhibit highly chamcteristic colors. 
These ferrocyanides are formed when ferrocyanide of potassium is 
brought into contact with soluble salts of metallic oxides, with Chlorides, 
&c., the potassium changing places with the metals. Ferrocyanide of 
copper and ferrosesquicyanide of iron exhibit the most characteristic 
colors of all ; ferrocyanide of potassium serves therefore particularly as 
a test for oxide of copper and sesquioxide of iron. 

§54. 
15. Feäricyanidb dp Potassium (3 K, C^, N^ Fe, = 3K Cfdy). 

Pr^pa/rcUion. — Conduct chlorine- gas slowly into a Solution of 1 part 
of ferrocyanide of potassium in 10 parts of water, with frequent stirring, 
until the Solution exhibits a fine deep red colour by transmitted light 
(the light of a candle answers best), and a portionof the fluid produces 
no longer a blue precipitate, in a Solution of sesquichloride of iron, but 
imparts a brownish tint to it ; evaporate the fluid now in a dish to J of 
its weight, and crystallize. The mother liquor will upon further 
evaporation yield a second crop of crystals equally fit for use as the first. 
Bissolve the whole of the crystals obtained in 3 parts of water, filter, if 
necessary ; evaporate the Solution briskly to half its volume, and crystal- 
lize again. Dissolve 1 part of the crystals, which are of a splendid red 
color, in 10 parts of water for use. The Solution, as already remarked, 
must produce neither a blue precipitate nor a blue color in a Solution of 
sesquichloride of iron. 

Uses. — Ferricyanide of potassium decomposes with Solutions of 
metallic oxides in the same manner as ferrocyanide of potassium. Of 
the metallic ferricyanides, the ferriprotocyanide of iron is more par- 
ticularly characterized by its color, and we apply ferricyanide of potas- 
sium therefore principally as a test for protoxide of iron. 

I. E 
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§ 55. 
16. SüLPHOCYANiDE OF PoTASSiüM (K, C, N S, or K, Cy SJ. 

FrepcmUion, — ^Mix together 46 parts of anhydrous ferrocyanide of 
potassium, 17 parts of carbonate of potassa, and 32 parts of sulphur; 
introduce the mixture into an iron pan provided with a lid, and fnse at a 
gentle heat ; maintain the same temperatnre until the swelling of the 
mass which ensues at first has completely sabsided and given place to a 
State of tranquil and clear fusion ; inorease the temperature now, 
towards the end of the Operation, to duU redness, in order to decompose 
the hyposulphite of potassa which has been formed in this process. 
Kemove the half refrigerated and still soft mass from the pan, pulverize it, 
and boil with alcohol. Let the alooholic Solution cool, when part of 
the sulphocyanide of potassium will separate in colorless ciystals ; to 
obtain the remainder, distil the alcohol from the mother-liquor. Dissolve 
1 part of the salt in 10 parts of water for nse. 

Usea. — Sulphocyanide of potassium serves for the detection of sesqui- 
oxide of iron ; it is for that substance at once the most characteristic 
and delicate test. 

b, SALTS OF THE ALKALINE EARTHS. 

§ 56. 
1. SuLPHATE OF Baryta, Chloride OF Barium (Ba Cl + 2 aq.). 

Preparation. — a. From heavy spa/r, Triturate crude sulphide of barium 
(§ 32), boil about -^^ of the powder with 4 times the quantity of 
water, and add hydrochloric acid until all effervescence of sulphuretted 
hydrogen has ceased, and the fluid manifests a feeble acid reaction ; add 
now the remaiuing y^^ part of the sulphide of barium, boil for sorae 
time longer, then filter, and let the alkaline fluid crystallize. Dry the 
crystals, redissolve them in water, and crystallize again. 

6. From Wüherite, Pour 10 parts of water upon 1 part of Witherite, 
and gradually add crude hydrochloric acid until the Witherite is almost 
completely dissolved. Add now a little more finely pulverized Witherite, 
and heat, with frequent stining, until the fluid has entirely or very 
nearly lost its acid reaction ; add some baryta water or Solution of sul- 
phide of barium, as long as a precipitate forma ; filter, evaporate to crys- 
tallization ; dry the crystals, redissolve them in water, and crystallize 
again. For use, dissolve 1 part of the chloride of barium obtained in 
10 parts of water. 

Tests, — Pure chloride of barium must not alter vegetable colors ; its 
Solution must not be colored or precipitated by hydrosulphuric acid, 
nor by sulphide of ammonium. Pure sulphuric acid must precipitate 
every fixed particle from it, so that the fluid filtered from the precipi- 
tate formed upon the addition of that reagent leaves not the slightest 
residue when evaporated on platinum foil. 

Uses. — Baryta forms with many acids soluble, with others insoluble 
Compounds. This property of baryta affbrds us, therefore, a means of 
distinguishing the former acids which are not precipitated by chloride of 
barium from the latter, in the Solution of th^ salts of which this reagent 
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produbes a precipitate. The pi*ecipitated salts of baryta severallj show 
-with other bodies (acids) a diflbreat deportment. Bj subjectlug these 
salts to the actioa of such bodies, we are thcrefore enabled to subdivide 
the group of precipitable aeids, and even to detect certain iudividual 
acids. This malces chloride of barium one of our most important re- 
agents to distinguish between certain groups of acids, and more espeeiallj 
also for the detection of sulphuric acid. 

§ 57. 
2. Nitrate of Bartta (Ba O, N O^). 

Prepa/ration. — Pour 12 parts of water upon 1 part of carbonate of 
bary t£^ no matter whether Witherite or precipitated by carbonate of soda 
from Solution of sulphide of barium, gradually add dilute nitric acid 
free from chlorine, and proceed exactly as directed in the preparation of 
diloride of barium from Witherite. For use, dissolve 1 pwrt of the salt 
in 15 parts of water. 

Tests, — Solution of nitrate of baryta must not be made turbid by 
Solution of nitrate of silver. Ofcher tests the same as for chloride of 
barium. 

Uses. — Nitrate of baryta is used instead of chloride of barium in 
cases where it is necessary to avoid the presenoe of a metallic chloride in 
the fluid. 

§ 58. 
3. Carbonate of Bartta (Ba O, C OJ. 

Preparation, — Dissolve crystallized chloride of barium in water, heat 
to boiling, and add a Solution of carbonate of ammonia mixed with some 
caustio ammonia, or of pure carbonate of soda, as long as a precipitate 
forms ; let it subside, decant five or six times, transfer the precipitate to a 
filter, and wash until the washing water is no longer rendered turbid by 
Solution of nitrate of silver. Stir the precipitate with water to the 
consistence of thick milk, and keep this mixture in a stoppered bottle. 
It must of course be shaken every time it is required for use. 

Tests. — Pure sulphuric acid must precipitate every fixed particle from 
a Solution of carbonate of baryta in hydrochloric acid (compare caustic 
baryta). 

Uses, — Carbonate of baryta completely decomposes the Solutions of 
many metallic oxides, e, ^., sesquioxide of iron, alumina ; precipitating 
from them the whole of the oxide as hydrate and basic salt, whilst some 
other metallic salts are not precipitated by it. It serves therefore to 
separate the former from the latter, and is an excellent means to effect 
the Separation of sesquioxide of iron and alumina from protoxide of 
manganese, oxide of zinc, &c., and also from Urne and magnesia. 

§ 59. 

4. SuLPHATE OF XiME (Ca O, S Ojj, crystallized Ca O, S O, + 2 aq.). 

PrepanUion, — Digest and shake powdered crystallized gypsum for 
some time with water ; let the undissolved portion subside, decant, and 
keep the clear fluid for use. 

£2 
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Uses. — Sulphate of lime beinga difficultly soluble salt, is a convfeiiient 
agent in cases where it is wished to apply a Solution of a lime salt or of 
a sulphate of a definite degree of dilution . As dilute Solution of a lime 
salt, it is used for the detection of oxalic acid ; whilst as dilute Solution 
of a sulphate it affords an excellent means of distinguishing between 
baryta, strontia^ and lime. 

§ 60. 
5. Chloride of Calcium (Ca Cl, crystallized Ca Cl + 6 aq.). 

Preparation. — Dilute 1 part of crude hydrochloric acid with 6 parts 
of water, and add to the fluid marble or chalk until the last portion 
added remains undissolved ; add some hydrate of lime, and let the mix- 
ture stand for several days in a gentle heat ; filter, exactly neutralize the 
filtrate, concentrate by evaporation, and crystallize. Let the crystals 
drain, and dissolve 1 part of the salt in 5 parts of water for use. 

Tests. — Solution of chloride of calcium must be perfectly neutral, and 
neither be colored nor precipitated by sulphide of ammonium ; nor 
ought it to evolve ammonia when mixed with hydrate of potassa or 
hydrate of lime. 

Uses, — Chloride of calcium is, in its action and application, analogous 
to chloride of barium. For, as the latter reagent is used to divide the 
inorganic acids into groups, so chloride of calcium serves in the same 
manner to effect the Separation of the organic acids into groups, since it 
precipitates some of them, whilst it forms soluble Compounds with others. 
And, as is the case with the baryta precipitates, the different conditions 
under which the various insoluble lime salts are thrown down, enable us 
to subdivide the group of precipitable acids, and even to detect certain 
individual acids. 

§ 61. 

6. Sulphate of Magnesia (Mg O, S O,, crystallized Mg O, S O,, 

H O + 6 aq.). 

Preparation. — Dissolve 1 part of sulphate of magnesia of commerce 
in 10 parts of water; if the salt is not perfectly pure, subject it to re- 
crystallization. 

Uses. — Sulphate of magnesia serves almost exclusively for the detec- 
tion of phosphoric acid, which it precipitates from aqueous Solutions of 
phosphates in presence of ammonia and chloride of ammonium, in the 
form of a double salt (basic phosphate of magnesia and ammonia), which 
is nearly insoluble, and has highly characteristic properties. Sulphate 
of magnesia is, moreover, employed to test the purity of sulphide of 
ammonium (see § 38). 

c. SALTS OF THE OXIDES OF THE HEAVY METALS. 

§ 62. 

1. Sulphate of Protoxide of Iron (Fe O, S 0,, crystallized Fe O, 

S O^ H O + 6 aq.). 

Preparation. — Heat an excess of iron nails free from rust, or of clean 
iron wire, with dilute sulphuric acid, until the evolution of hydrogen 
ceases ; filter the sufficiently concentrated Solution^ add a few drops of 
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dilute sulphuric acid to the fil träte, and allow it to cool. Wäsh the 
crystals with water very slightlj acidulated with sulphuric acid, dry, and 
keep for use. The sulphate of protoxide of iron may also be prepared 
from the Solution of sulphide of iron in dilute sulphuric acid, whioh is 
obtained in the process of evolving hydrosulphuric acid. 

üsea, — Sulphate of protoxide of iron has a great disposition to absorb 
oxygen, and to be converted into the sulphate of the sesquioxide. It 
acts therefore as a powerful reducing agent. We employ it principally 
for the reduction of nitric acid, from which it separates nitrio oxide by 
withdrawing three atoms of oxygen from it. The decomposition of the 
nitric acid being attended, in this case, with the formation of a very 
peculiar brownish-black Compound of nitric oxide with an undecom- 
posed portion of the salt of the protoxide of iron : this reaction affords 
a particularly characteristic and delicate test for the detection of nitric 
acid. Sulphate of protoxide of iron serves, also, for the detection of 
bydroferricyanic acid, with which it produces a kind of Prussian blue, 
and also to effect the precipitation of metallic gold from Solutions of the 
salts of that metal. 

§63. 

2. SESQUICHLORIDE OF IrON (Fe^ CI3). 

Prepa/ration, — Heat in a flask a mixture of 10 parts of water and 1 
part of pure hydrochloric acid with small iron nails until no further 
evolution of hydrogen is observed, even after adding the nails in excess ; 
filter the Solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until the fluid no longer produces a blue precipi- 
tate in Solution of ferricyanide of potassium. Heat until the excess of 
chlorine is expelled. Dilute until the fluid is twenty times the weight of 
the iron dissolved, and keep the dilute fluid for use. 

Tests, — Solution of sesquichloride of iron must not contain an excess 
of acid ; this may be readily ascertained by stirring a sample of it with a 
glass rod dipped in ammonia, when the absence of any excess of acid will 
be proved by the formation of a precipitate, which sliaking the vessel 
and agitating the fluid! feil to redissolve. Ferricyanide of potassium 
must not impai*t a blue color to it. 

üses, — Sesquichloride of iron serves to subdivide the group of organic 
acids which chloride of calcium falls to precipitate ; as it produces pre- 
cipitates in Solutions of benzoates and succinates, but not in Solutions 
of acetates and formates. The aqueous Solutions of the neutral acetate 
and formate of sesquioxide of iron exhibit an intensely red color ; ses- 
quichloride of iron is therefore a useful agent for detecting acetic acid 
and formic acid. Sesquichloride of iron is exceedingly well adapted to 
effect the decomposition of phosphates of * the alkaline earths (see § 1 43). 
It serves also for the detection of hydroferrocyanic acid, with which it 
produces Prussian blue. 

§64. 

3. Nitrate of Silver (Ag 0, N O J. 

Prepa/ration, — Dissolve pure silver in pure nitric acid, evaporate the 
Solution to dryness, and dissolve 1 part of the salt in 20 parts of water. 
Tests, — Solution ofnitrate of silver must be completely precipitated by 
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dilate hydrochloric acid, so tbat the fluid flltered from the precipitated 
Chloride of silver leaves no residue when evaporated on a watch-glaüssy and 
is neither precipitated nor colored by hydrosulphuric acid. 

Ü8e8, — Oxide of silver forms with many adds soluble, with others 
insoluble Compounds. Nitrate of silver may therefore serve, like 
Chloride of baiium, to eflect the Separation and arrangement of acids 
into groups. 

Most of the insoluble Compounds of silver dissolve in dilute nitric 
acid ; chloride, bromide, iodide, and Cyanide of silver, <fec., are insoluble 
in that menstruum. Nitrate of silver is therefore a most excellent agent 
to distinguish and separate from all other acids, the hydracids corre- 
sponding to the last enumerated four Compounds of silver. Many of the 
insoluble salts of silver exhibit a peculiar color (Chromate of silver, 
arsenate of silver), or manifest a characteristic deportment with other 
reagents, or upon the applioation of heat (formate of silver) ; nitrate of 
silver is therefore an important agent for the positive detection of 
certain acids. 

4. AcETATE DP Lead (Pb 0, A, crystallized Pb O, A + 3 aq.). 

The best acetate of lead of commerce is sufficiently pure for the pur- 
pose of chemical analysis ; for use, dissolve 1 part of the salt in 10 parts 
of water. 

üsea. — Oxide of lead forms with a great many acids Compounds in- 
soluble in water, which are marked either by peculiarity of color or 
characteristic deportment. The acetate of lead, therefore, produces pre- 
cipitates in the Solutions of these acids, or of their salts, and essentially 
contributes to the detection of several of them. Thus, Chromate of lead, 
for instance, is characterized by its yellow colour, phosphate of lead by 
its peculiar deportment before the blowpipe, and malate of lead by its 
ready fusibility. 

5. NiTBATE DP SüBOXiDE op Mercüry (Hg^ 0, N Ob» crystallizcd 

Hg,0,N0, + 2aq.). 

Prepa/ration, — Pour 1 part of pure nitric acid on 1 part of mercury, 
in a porcelain dish, and let the vessel stand twenty-four hours in a cool 
place ; separate the crystals formed from the undissolved mercury and 
the mother-liquor, and dissolve them in water mixed with one-sixteenth 
part of nitric acid, by trituratiou, in a mortar. Filter the Solution, and 
keep the filtrate in a bottle, with metallic mercury covering the bottom 
of the vessel. 

Uaes. — Nitrate of suboxide of mercury acts in an analogous manner 
to the corresponding salt of silver. In the first place, it precipitates 
many acids, especially the hydracids ; and, in the second place, it serves 
for the detection of several readily oxidizable bodies, e. g., of formic acid, as 
the oxidation of such bodies, at the expense of the oxygen of the sub- 
oxide of mercury, is attended with the highly characteristic Separation of 
metallic mercury. 
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§67. 
6. Chloride op Mercury (Hg Cl). 

The Chloride of mercury of commerce is sufficiently pure for the pur- 
pose of chemioal analysis. For use, dissolve 1 part of the salt in 16 
parts of water. 

Uaes. — Chloride of mercury gives with several acids, c. g., with hydri- 
odic acid, peculiarly colored precipitates, and may accordingly be used 
for the detection of these acids. It is an important agent for the deteo- 
tion of tin, when that metal is in Solution in the State of protochlo- 
ride ; if only the smallest quantity of that Compound is present, the 
addition of chloride of mercury in excess to the Solution is foUowed by 
Separation of subchloride of mercury insoluble in water. In a similar 
manner chloride of mercury serves also for the detection of formic acid. 

§68. 
7. SüLPHATE op CoppER (Cu 0, S O,, crystallized Cu 0, S O,, H + 4 aq.). 

Prepa/ration. — This reagent may be obtained in a State of great purity 
from the residue remaining in the retort in the process of preparing 
bisulphite of soda (§ 46), by treating that residue with water, apply- 
ing heat, filtering, crystallizing, and purifying the salt by recrystal- 
lization. For use, dissolve 1 part of the pure crystals in 10 parts of 
water. 

Tests, — Pure sulphate of copper must be completely precipitated from 
its Solutions by hydrosulphuric acid ; ammonia and sulphide of ammo- 
nium must accordingly leave the filtrate unaltered. 

Uses. — Sulphate of copper is employed in qualitative analysis to effect 
the precipitation of hydriodic acid in the form of subiodide of copper. 
For this purpose it is necessary to mix the Solution of 1 part of sulphate 
of copper with 2|- parts of sulphate of protoxide of iron, otherwise half of 
the iodine will separate in the free State. The protoxide of iron changes, in 
this process, to sesquioxide, at the expense of the oxygen of the oxide of 
copper, which latter is thus reduced to the State of suboxide. Sulphate 
of copper is used also for the detection of arsenious aud arsenic acid ; 
it serves, likewise, as a test for the soluble ferrocyanides. 

§ 69. 
8. Protochloride of Tin (Sn Cl, crystallized Sn Cl + 2 aq.). 

Prepa/ration. — Beduce Euglish tin to powder by means of a file, or 
fuse it in a small porcelain dish, remove from the fire, and triturate the 
fiised liquid mass with a pestle until it has passed again to the solid 
State ; boil the powder for some time with concentrated hydrochloric acid 
in a flask (taking care always to have an excess of tin) until no more 
hydrogen gas is evolved ; dilute the Solution with 4 times the quantity 
of water slightly acidulated with hydrochloric acid, and filter. Keep 
the filtrate for use in a well-stoppered bottle containing small pieces ■ of 
metallic tin, or some pure tin-foü. If these precautions are neglected, 
the protochloride will soon change to bichloride, which will, of course, 
render the reagent totally unfit for the purpose for which it is intended. 

Tests. — Solution of protochloride of tin, when added to a Solution of 
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Chloride of mercury, must immediately produce a white precipitate of sub- 
chloride of mercury ; when treated with hydrosulphuric acid, it must 
give a dark brown precipitate ; it must not be precipitated nor rendered 
turbid by sulphuric acid. 

Uaea, — The great tendency of protochloride of tin to absorb oxygen, 
and thus to form binoxide, or rather bichloride — as the binoxide, in the 
moment of its formation, decomposes with the free hydrochloric acid pre- 
sent — makes this substance one of our most powerful reducing ageuts. 
We employ it in the course of analysis as a test for mercury, and also to 
effect the detection of gold, for which latter purpose it is previously 
mixed with some nitric acid, without heat. 

§70. 

9. Bichloride op Platinüm (PtCl,, crystallized PtCl,+ lOaq.). 

Freparation. — Treat platinüm filings purified by boiliug with nitric 
acid, with concentrated hydrochloric acid and some nitric acid, in a 
narrow-necked flask, and apply a very gentle heat, adding occasionally 
fresh portions of nitric acid, until the platinüm is completely dissolved. 
Evaporate the Solution to dryness on the water-bath, with addition of 
hydrochloric acid, and dissolve the residue in 10 parts of water for use. 

l^esta. — Bichloride of platinüm must, upon evaporation to dryness in 
the water-bath, leave a residue which dissolves completely in spirit of wine. 

Uaea. — Bichloride of platinüm forms very sparingly soluble double 
salts with Chloride of potassium and chloride of ammonium, but not so 
with Chloride of sodium ; it serves, therefore, to detect ammonia and 
potassa, and is, indeed, almost our most delicate reagent for the latter 
substance. 

§71. 

10. Sodio-Protochloride of Palladium (Na Cl, Pd Gl). 

Dissolve 5 parts of palladium in nitrohydrochloric acid (comp. § 70), 
add 6 parts of pure chloride of sodium, evaporate in the water-bath to 
dryness, and dissolve 1 part of the residuary double salt in 12 parts of 
water for use. The brownish Solution forms an excellent means of 
detecting and separating iodine. 

§ 72. 

11. Terchloride op Gold (AuClJ. 

Preparation. — Take fine shreds of gold, which may be alloyed with 
silver or copper, treat them in a flask with nitrohydrochloric acid 
in excess, and apply a gentle heat until no more of the metal dissolves. 
If the gold was alloyed with copper, which is known by the brownish-red 
precipitate produced by feri'ocyanide of potassium in a portion of the 
Solution diluted with water, mix it with Solution of sulphate of pro- 
toxide of iron in excess ; this will reduce the terchloiide to metallic 
gold, which will separate in the form of a fine brownish-black powder ; 
wash the powder in a small flask, and redissolve it in nitrohydrochloric 
acid ; evaporate the Solution to dryness on the water-bath, and dissolve 
the residue in 30 parts of water. If the gold was alloyed with silver, 
the latter metal remains as chloride upon treating the aJloy with nitro- 
hydrochloric acid. In that case evaporate the Solution at once to dryness, 
and dissolve in water for use. 
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Uaes. — Terchloride of gold has a great tendency to yield up its 
chlorine ; it therefore readily converts protochlorides into higher 
Chlorides, protoxides, with the co-operation of water, into higher oxides. 
These peroxidations are usually indicated by the precipitation of pure 
metallic gold in the form of a brownish-black powder. In the course of 
analysis this reagent is used only for the detection of protoxide of tin, 
in the Solutions of which it produces a purple color or a purple pre- 
cipitate. 

V. COLORING MATTERS AND INDIFFERENT VEGETABLE 

SÜBSTANCES. 

§ 73. 

1. Test Papers. 

o. Blue Litmus Paper. 

Preparation, — Digest 1 part of litmus of commerce with 6 parts 
of water, and filter the Solution ; divido the intensely blue filtrate 
into 2 equal parts ; saturate the free alkali in the 1 paH, by re- 
peatedly stirring with a glass rod dipped in very dilute sulphuric acid, 
until the colour of the fluid just appears red ; add now the other part of 
the blue filtrate, pour the whole fluid into a dish, and draw strips of flne 
UDsized paper through it ; suspend these slips over threads and leave 
the na to dry. The color of litmus paper must be perfectly uniform, and 
neither too light nor too dark. 

C/ses. — Litmus paper serves to detect the presence of free acid in 
fluids, as acids change its blue color to red. It must be borne in mind, 
however, that the soluble neutral salts of most of the heavy metallic 
Oxides produce the same eflect. 

ß, Reddeked Litmus Paper. 

Preparation. — Stir blue Solution of litmua with a glass rod dipped in 
dilute sulphuric acid, and repeat this process until the fluid has just tumed 
distinctly red. Steep slips of paper in the Solution, and dry them as in a. 
The dried slips must look distinctly red. 

Uses, — Pure alkalies and alkaline earths, and also the sulphides of 
their metals, restore the blue color of reddened litmus paper ; alkaline 
carbonates and the soluble salts of several other weak acids, especially of 
boracic acid, possess the same property. This reagent serves therefore 
for the detecüon of these bodies in generaL* 

y. Georgina Paper (Dahlia Paper), 

Prepa/ration, — Boil the violet-colored petals of Georgina jmrpurea 
(purple dahlia) in water, or digest them with spirit of wine, and steep 
slips of paper in the tincture obtained. The latter should be npither 
more nor less concentrated than is necessary to make the paper, after 
drying, appear of a flne and light violet blue color. Should the color 
too much incline to red, this may be remedied by adding a very little 
ammonia to the tincture. 

* Mr. A. S. Taylor has Buggested that a very delicate test paper for detecting alkalies 
may be prepared b^ steeping sJips of paper in an acid infaaion of rose petals* 
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Uaea. — Georgina paper is reddened by acids, whilst alkalies impart a 
beautifiil green tint to it. It is therefore an extremely convenient Sub- 
stitute both for tbe blue and the reddened litmus paper. This reagent, if 
properly prepared, is a most delicate test both for acids and alkalies. 
Concentrated Solutions of caustic alkalies tum Georgina paper yellow, by 
destroying the coloring matter. 

b, Türmeric Paper. 

Freparation. — Digest and heat 1 part of bruised turmeric root with 
6 parts of weak spirit of wine, filter the tincture obtained, and steep 
slips of fine paper in the filtrate. The dried slips must exhibit a fine 
yellow tint. 

Uses. — Turmeric paper serves, liko reddened litmus paper and dahlia 
paper, for the detection of free alkalies, &c., as they change its yellow color 
to brown. It is not quite so delicate a test as the other reagent papers ; 
but the change of color which it produces is highly characteristic, and 
is very distinctly perceptible in many colored fluids ; we cannot well 
dispense, therefore, with this paper. When testing with turmeric paper, 
it is to be bome in mind that, besides the substances enumerated in /9, 
ßeveral other bodies (boracic acid, for instanqe) possess the property of 
turning its yellow color to brownred. It anords an excellent means 
for the detection of the latter substance. 

All test papers are cut into slips, which are kept in small well- 
closed boxes, or in bottles covered with black paper, as continued action 
of light destroys the color. 

§ U. 
2. SoLünoK op Indigo. 

Freparation, — Take from 4 to 6 parts of fuming sulphuric acid, add 
slowly, and in small portions at a time, 1 pai*t of finely pulverized 
indigo, taking care to keep the mixture well stirred. The acid has at 
first imparted to it a brownish tint by the matter which the indigo con- 
tains in admixture, but it subsequently tums deep blue. Elevation of 
temperature to any considerable extent must be avoided, as part of the 
indigo is thereby destroyed ; it is therefore advisable, when dissolying 
1 arger quantities of the substance, to place the vesael in cold water. 
When the whole of the indigo has been added to the acid, cover the 
vessel, let it stand forty-eight hours, then pour its Contents into 20 
times the quantity of water, mix, filter, and keep the filtrate for use. 

Uaes, — Indigo is decomposed by boiling with nitric acid, yellow- 
colored oxidation products being formed. It serves, therefore, ibr the 
detection of nitric acid. Solution of indigo is also well adapted to 
efiect the detection of chloric acid and of free chlorine. 

B. KEAGENTS IN THE DRY WAY. 

I. Fluxes and Decomposing Agents. 

§ 75. 

1. Mixture dp Carbonate op Soda and Carbonate op Potassa 

(Na O, C O, + K O, C OJ. 

Freparation, — Digest 10 parts of purified bitartrate of potassa in 
powder with 10 parts of water and 1 pai*t of hydi'ocliloric acid for 
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aeveral hcmrs on the water-bath, with frequent stirring ; put the maas 
into a funnel with a small filter inserted into the pointed end ; let it 
drain ; oover with a diso of rather difficultly percaeable filtering paper with 
nptumed edges, and wash by repeatedly pouring upon this small quantities 
of cold water ; continue this washing process until the fluid running off 
is no longer rendered turbid by Solution of ni träte of silver, after addition 
of nitric acid. Dry the bitartrate of potassa freed in this manner from 
lime (and phosphoric acid). It is now necessary to prepare pure 
nitrate of potassa. To effect this, dissolve nitrate of potassa of commerce 
in half its weight of boiling water, filter the Solution rnto a porcelain or 
stoneware dish, using a hot funnel, and stir it well with a wooden or 
porcelain spatula until cold. Transfer the crystalline powder to a 
funnel loosely stopped with cotton, let it drain, press down tight, make 
it even at the top, and cover with a double disc of difficultly permeable 
filtering paper with upturned edges, and pour upon this at proper 
intervals small portions of water, untü the washings are no longer made 
turbid by Solution of nitrate of silver. Empty now the Contents of the 
funnel into a porcelain dish, dry in this vessel, and reduce the mass to a 
fine powder by trituration. Mix now 2 parts of the pure bitartrate 
of potassa with 1 part of the pure nitrate of potassa ; put the perfectly 
dry mixture in small portions ab a time into a clean-scoured cast>iron 
pot heated to gentle redness ; when the mixture has deflagrated, heat 
strongly, until a sample taken from the edges gives with water a per- 
fectly colorless Solution. Triturate the charred mass with water, filter, 
wash slightly, and evaporate the filtrate in a porcelain or, better still, 
in a silver dish, until the fluid is covered with a persistent pellicle. 
Let the mixture now cool, with constant stirring ; put the crystals of car- 
bonate of potassa on a funnel, let them well drain, wash slightly, dry 
thoroughly in a silver or porcelain dish, and keep the crystals in a well- 
stoppered bottle. The mother-liquor leaves, upon evaporation, a salt 
which, though containing traces of alumina and silicic acid, may still be 
turned to account for many purposes. 

Mix 13 parts of the pure oarbonate of potassa prepared in the 
manner just now described, with 10 parts of pure anhydrous carbonate 
of soda, and keep the mixture in a well-stoppered bottle. The mixture 
of carbonate of potassa and carbonate of soda may also be prepared by 
deflagrating 20 parts of pure bitartrate of potassa with 9 parts of 
pure nitrate of soda, treating with water, and evaporating the Solution 
to dryness. 

Tests, — The purity of the mixed salt is tested as directed § 44 {car- 
bonate o/soda), 

Uses. — If silicic acid or Silicates are fused with about 4 parts (con- 
sequently with an excess) of carbonate of potassa or soda, carbonie acid 
escapes with efferveacence, and a basic alkaline Silicate is formed, which, 
being soluble in water, may be readily separated from such metallic 
Oxides as it may oontain in admixture ; from this basic alkaline Silicate, 
hydrochloric acid separates the silicic acid as hydrate. If a fixed 
alkaline carbonate is fused together with sulphate of baryta, strontia, or 
lime, there are formed carbonates of the alkaline earths and sulphate of 
the alkali, in which new Compounds both the base and the acid of the 
originally insoluble salt may now be readily detected. However, we do 
not employ carbonate of potassa separately, nor carbonate of soda, to 
effect the decomposition of the insoluble Silicates and sulphates ; but we 
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apply for this purpose the above-described mixture of both, because this 
mixture requires a far low er degree of heat for fusion than either of its 
two components, and thus enables us to conduct the Operation over a 
Berzdiua lamp, or over a simple gas lamp. The fusion with alkaline 
carbonates is invariably effected in a platinum crucible, provided no 
reducible metallic oxides be present. 

§ 76. 
2. Hydrate dp Baryta (Ba O, H O). 

Preparation, — The crystals of baryta prepared in the manner directed 
§ 32, are heated geutly in a silver or platinum dish, uutil the water 
of crystallization is completely expelled. The residuary white mass is 
pulverized, and kept for use in a well-closed bottle. 

Uses. — Hydrate of baryta fuses at a gentle red heat without losing 
its water. Upon fusing Silicates together with about 4 parts of hy- 
drate of baryta, a basic Silicate of baryta is formed, and the oxides are 
liberated. If the fused mass is treated with hydrochloric acid, the Solu- 
tion evaporated to dryness, and the residue digested with hydrochloric 
acid, the silicic acid is left behind, and the oxides are obtained in Solu- 
tion in the form of chlorides. We use hydrate of baryta as a flux when 
we wish to test Silicates for alkalies. This reagent is preferable as a 
flux to the carbonate or nitrate of baryta, since it does not require a very 
high temperature for its fusion, as is the case with the carbonate, nor 
does it cause any spirting in the fusing mass, arising from disengage- 
ment of gas, as is the case with the nitrate. The Operation is conducted 
in silver or platinum crucibles. 

§ 77. 

3. Fluoride dp Calcium (Ca Fl). 

Take fluor-spar as pure as can be procured, and more particularly free 
from alkalies, reduce to fine powder, and keep this for use. 

üsea. — Fluoride of calcium applied in conjunction with sulphuric acid, 
serves to effect the decomposition of Silicates insoluble in acids, and more 
especially to detect the alkalies whioh they contain. Compare Sectioa 
III. Silicic acid, § löO. 

§ 78. 

4. Nitrate dp Soda (Na O, NOJ. 

Preparation, — Neutralize pure nitric acid with pure carbonate of soda 
exactly, and evaporate to crystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

Tests. — A Solution of nitrate of soda must not be made turbid by 
Solution of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Uses. — Nitrate of soda serves as a very powerful oxidizing agent, by 
yielding oxygen to combustible substances when heated with them. We 
use this reagent principally to convert several metallic sulphides, and 
more particularly the sulphides of tiu, antimony, and arsenic, into oxides 
and acids j and also to eflect the rapid and complete combustion of 
organic substances ; for the latter purpose, however, nitrate of ammonia 
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is in many cases preferable ; this latter reagent is prepared by saturating 
nitric acid with carbonate of ammonia. 

II. Blowpipe Eeagents. 

§ 79. 
1. Carbonate op Soda (Na 0, C 0^). 

Frepa/ration. — See § 44. 

Uaes. — Carbonate of soda serves, in the first place, to promote the 
reduction of oxidized substances in the inner fiame of tlie blowpipe. In 
fusing it brings the oxides into the most intimate contact with the char- 
coal Bupport, and enables the flame to embrace every part of the substance 
under examination. It co-operates in this process also chemically by the 
transposition of its constituents (according to R, Wagner, in consequence 
of the formation of Cyanide of sodium). If the quantity operated upon 
was very minute, the reduced metal is often found in the pores of the 
charcoal. In such cases, the parts surroundiag the little cavity which 
contained the sample are dug out with a knife, and triturated in a small 
mortar ; the charcoal is then washed off from the metallic particles, 
which now become visible either in the form of powder or as small flat 
spangles, according to the nature of the particular metal or metals 
present. 

Carbonate of soda serves, in the second place, as a solvent. Platinum 
wire is the most convenient support for testing the solubility of substances 
in fusing carbonate of soda. A few only of the bases dissolve in fusing 
carbonate of soda, but acids dissolve in it with facility. Carbonate of 
soda is, moreover, applied as a decomposing agent and flux, and more par- 
ticularly to effect the decomposition of the insoluble sulphates, with which 
it exchanges acids, the newly formed sulphate of soda being reduced at the 
same time to sulphideof sodium ; and to effect the decomposition ofsulphide 
of arsenic, with which it forms a double sulphide of arsenic and sodium, 
and arsenite or arsenate of soda, thus Converting it to a state which 
permits its subsequent reduction by hydrogen. Finally, carbonate of 
soda is the most sensitive reagent in the dry way for the detection of 
manganese, since when fused in the outer fiame of the blowpipe together 
with a substance containing manganese, it produces a green opaque bead, 
owiug to the formation of manganate of soda. 

§ 80. 
2. Cyanide of Potassiüm (K Cy). 

Prepa/ration, — See § 52, 

üsea. — Cyanide of potassiüm is an exceedingly powerful reducing agent 
in the dry way ; indeed it excels in its action almost all other reagents of 
the same class, and separates the metals not only from most oxygen Com- 
pounds, but also from sulphur Compounds : this reduction is attended in 
the former case with formation of cyanate of potassa, by the absorption 
of oxygen, and in the latter case with formation of sulphocyanide of 
potassiüm. By means of this reagent we may effect the reduction of 
metals from their Compounds with the greatest possible facility ; thus we 
may, for instance, produce metallic antimony from antimonious acid or 
from sulphide of antimony, metallic iron from sesquioxide of iron, (fec 



62 BIBORATE OP SODA. [§ 81. 

The readiness with which Cyanide of potassium enters into fosion &cOi- 
tates the reduction of the metals greatly ; the process may usiially be 
conducted even in a porcelain crucible over a spirit lamp. Cyanide of 
potassium is a most valuable and important agent to effect the reduction 
of awenites and arsenates, and inore particularly of tersulphide of arsenic 
(see § 131). Cyanide of potassium is equally important as a blowpipe 
reagent. Its action is exceedingly energetic ; substances like binoxide 
of tin, bisulphide of tin, &c., the reduction of which by means of car- 
bonate of soda requires a tolerably strong flame, are reduced by Cyanide 
of potassium with the greatest faoility. In blowpipe experiments we in- 
variably use a mixture of equal parts of carbonate of soda and Cyanide 
of potassium ; the admixture of carbonate of soda is intended here to 
check in some measure the excessive fusibility of the Cyanide of potas- 
sium. This mixture of Cyanide of potassium with carbonate of soda, 
besides being a ÜEir more powerlul reducing agent than the simple car- 
bonate of soda, has, moreover, this great advantage over the latter, that it 
is absorbed by the pores of the charcoal with extreme ßicility, and thus 
permits the prodaction of the metallic globules in a State of the greatest 
purity. 

§ 81. 

3. BiBORATE OF SoDA {Borax) (Na O, 2 B O^ crystallized + 10 aq.). 

The purity of commercial borax may be tested by adding to its Solu- 
tion carbonate of soda, or affcer previons addition of nitric acid, Solu- 
tion of ni träte of baryta or of nitrate of silver. The borax may be 
considered pure if these reagents feil to produce any alteration in the 
Solution ; bnt if either of them causes the formation c^ a precipitate, or 
renders the fluid turbid, recrystallization is neoessary. The pure crys- 
tallized borax is exposed to a gentle heat, in a platinum crucible, imtil 
it ceases to swell ; when cool, it is pulverized and kept for use. 

üaes, — Boracic acid manifests a great affinity for oxides when brought 
into contact with them in a state of fusion. This affinity enables it, in 
the first place, to combine directly with oxides; secondly, to expel 
weaker adds from their salts ; and, thirdly, to predispose metals, sul- 
phides, and haloid Compounds to oxidize in the outer flame of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
borates fuse readily, even without the aid of a flux, but for more so in 
conjunction with borate of soda ; the latter salt acts in this Operation 
either as a mere flux, or by the formation of double salts. Now, in the 
biborate of soda we have both free boracic acid and borate of soda ; the 
Union of these two substances renders it one of our most important blow- 
pipe reagents. In the process of fluxing with borax, we usually select 
platinum wire for a support ; the loop of the wire is moistened or heated 
to redness, then dipped into the powder, and exposed to the outer flame ; 
a colourless bead of fused borax is thus produced. A smaU portion of 
the substance under examination is then attached to the bead, by bring- 
ing the latter into contact with it, either whilst still hot or having 
previously moistened it. The bead with the sample of the substance 
intended for analysis adheriug to it, is now exposed to the blowpipe flame, 
and the phenomena to the manifestation of which this process gives rise 
are careftiUy observed and examined. The following points ought to be 
more particularly watched: — (1) Whether or not the sample under 
examination dissolves to a transparent bead, and whether or not the bead 
retains its transparency on cooling ; (2) whether the bead exhibits a dis- 
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tinct color, which in many cases at once clearly indicates the individual 
metal which the analysed Compound contaius, as is the case, for instance, 
with cobalt ; and (3) whether the bead manifest» the same or a difierent 
deportment in the outer and in the inner fiame. Phenomena of the 
latter kind arise from the ensuing reduction of higher to lower oxides, 
or even to the metallio state, and are for some substances particularlj 
characteristia 

§ S2. 

4. Phosphate of Soda and Ammonia {Microcosmic Salt) 
(Na O, N H, O, H O, P 0„ crystaUized + 8 aq.). 

PreparcUion, — Heat to boiling 6 parts of phosphate of soda and 1 
part of pure chloride of ammonium with 2 parts of water, and let the 
Solution cool. Free the crystals produced of the double phosphate of 
soda and ammonia by recrystallization from the chloride of sodium which 
adheres to them. Dry the purified crystals, and pulverize them for use. 

Uses, — ^When phosphate of soda and ammonia is subjected to the 
action of heat, the ammonia escapes with the water of crystallization, 
and readily fusible metaphosphate of soda is left behind. The action of 
microoosmic salt is quite analogous to that of biborate of soda. We 
prefer it, however, in some cases, to borax aa a solvent or flux, the beads 
which it forms with many substances being more beautifully and dis- 
tinctly colored than those of borax. Platinum wire is also used for a 
Support in the process of fluxing with microcosmic salt ; the loop of the 
wire must be made small and narrow, otherwise the bead will not adhere 
to it. The Operation is conducted as directed in the preceding para- 
graph. 

§ 83. 

5. Nitrate of Protoxide of Oobalt (Co 0, N 0^, crystallized + 5 aq.). 

Preparation, — Fuse in a Hessian crucible 3 parts of bisulphate of 
potassa, and add to the fused mass, in small portions at a time, 1 part of 
well roasted cobalt ore (the purest zaffre you can procure) reduced to 
fine powder. The mass thickens, and acquires a pasty consistence. 
Heat now more strongly, until it has become more fluid again, and 
continue to apply heat until the excess of sulphuric acid is completdy 
expelled, and the mass accordingly no longer emits white fumes. 
ßemove the fused mass now from the crucible with an iron spoon 
or spatula, let it cool, and reduce it to powder ; boil this with water 
until the undissolved portion presents a soft mass ; then filter the 
rose-red Solution, which is free from arsenic and nickel, and mostly also 
from iron, and remove the copper, &c., from the filtrate by means of 
hydrosulphuric acid. Filter again, and evaporate the filtrate, with 
addition of some chlorine water, until it is much concentrated. Mix 
the concentrated filtrate now with a hot saturated Solution of binoxalate 
of potassa, and let the mixtnre stand at a gentle heat tintil the fluid 
appears colorless. Wash the precipitated Oxalate of protoxide of cobalt 
thoroughly, dry, and heat to redness in a covered platinum or porcelain 
crucible. This decomposes the Oxalate into water and carbonic acid, which 
escapes, and metallic cobalt, which is lefb behind. Dissolve a portion of 
the latter in nitric acid, taking care to avoid a large excess of the 
solvent .; evaporate the Solution in the wate^-bath to dryness, and dis- 
solve 1 part of the residue in 10 parts of water for use. 
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Tests, — Solution of ni träte of protoxide of cobalt mnst be free from 
other metals, and especially also from salts of the alkalies ; when pre- 
cipitated with sulphide of ammonium and filtered, the ültrate must, 
upon evaporation on platinum, leave no fixed residue. 

C/ses. — Protoxide of cobalt forms, upon ignition with certain infusible 
bodies, peculiarly colored Compounds, and may accordingly serve for the 
detection of these bodies (oxide of zinc, alumina, and magnesia; see 
Section III.). 

§ 84. 
6. Chloride dp Silver (Ag Cl). 

Freparation. — Precipitate Solution of nitrate of silver with hydro- 
chloric acid ; wash the precipitate, mix it with water to a thick pulp, 
and keep in a small bottle for use. 

Uses, — Chloride of silver has lately been recommended by Gericke as 
a means of making the colorations more distinct and lasting which 
certain bodies, upon exposure to the inner blowpipe flame, impart to the 
outer flame. I can from my own experience confirm the results arrived 
at by Gericke. The action of the chloride of silver is owing to the cir- 
cumstance that this Compound loses its chlorine only graduaJly upon 
exposure to heat, and gives rise accordingly for a certain time to the 
formation of metallic chlorides, which it is well known impart more 
distinct colorations to flame than any other class of salts. As platinum 
wire would speedily be rendered unfit for use by the reduced silver, thin 
iron wire is employed j every Operation requires a new loop. 



SECTION III. 

ON THE DEPORTMENT OF BODIES WITH REAGENTS. 

§ 85. 

I stated in my introductory remarks that the Operations and experi- 
ments of qualitative analysis have for their object the conversion of the 
v/nknotvn constituents of any given Compound into forms of which we 
know the deportment, relations, and properties, and which will accord- 
ingly permit us to draw coirect inferences regarding the several con- 
stituents of which the analysed Compound consists. The greater or less 
value of such analytical experiments, like that of all other inquiries and 
investigations, depends upon the greater or less degree of certainty with 
which they lead to definite results, no matter whether of a positive or 
negative nature. But as a question does not render us any the wiser if 
we do not know the language in which the answer is returned, so, in 
like manner, will analytical investigations prove unavailing if we do not 
understand the mode of expression in which the desired Information is 
conveyed to us ; in other words, if we do not know how to Interpret the 
phenomena produced by the action of our reagehts upon the substance 
examined. 

Before we can therefore proceed to enter upon the practical investiga- 
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tions of aualytical chemistry, it is indispensable that we sliould reaUy 
possess the most perfect knowledge of tlie deportment, relations, and 
properties of the new forms into which we intend to convert the sub- 
stances we wish to analyse. Now, this perfect knowledge consists, 
in the first place, in a clear conception and comprehension of the condi- 
tions necessarj for the formation of the new Compounds and the 
manifestation of the various reactions; and, in the second place, 
in a distinct impression of the color, form, and physical properties 
which characterize the new Compound. This section of the work 
demands therefore not only the most careful and attentive study, but 
requires moreover that the Student should excmiine and verify hy actual 
experiment every/aci asserted in it, 

The method usually adopted in elementary works on chemistry is to 
treat of the various substances and their deportment with reagents in- 
dividually and separately, and to point out their characteristic reactions. 
I have, however, in the present work, deemed it more judicions and 
better adapted to its elementary character, to arrange those substances 
which are in many respects analogous into groups, and thus, by com- 
paring their analogies with their differences, to place the latter in the 
clearest possible light. 

A. — Deportment and Properties of the Metallio Oxides and 

OF THEIR RaDICALS. 

Before proceeding to the special study of the several metallic oxides, 
I give here a general view of the whole of them, classified in groups — 
showing töÄicÄ oxides belong to each gronp. The grounds upon which 
the Classification has been arranged will appear from the special con- 
sideration of the several groups. 

First group — 

Potasaa, soda, ammonia (lithia). 

Second group— 

Baryidy atrontia, lime, inagneaia, 

Third group — 

Alumina, aeaquioxide of chromium (glucina, thorina, noria, yttria, 
terbia, erbia, zirconia — earths ; oxides of cerium, lanthanium, didymium ; 
oxide of titanium and titanic acid ; tantalic acid, niobic acid). 

Fourth group— 

Oxides of zinc, manganese, nicket, cobalt, iron (uranium). 

Fifbh group— 

Oxides of ailver, mercv/ry, lead, hiamuth, copper, cadnhiwm (palladium, 
rhodium, osmium, ruthenium). 

Sixth group— 

Oxides and acids of antimony, tin, araenic, gold, platinum (iridium, 
molybdenum, tellurium, tungsten, Vanadium). 

Of these metallic oxides only those printed in italica are found exten- 
sively and in large quantities in that portion of the earth's crust which 
is accessible to our investigations ; these, therefore, are most important 
to chemistry, arts and manufactures, agriculture, pharmacy, &c. &c. ; 
and these therefore we shall dwell npon at greater length. The more 
important among the remainder are more briefly considered in sup- 
plementary paragraphs; and the less important ones are altogether 

I. F 
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omitted. The deportment of the metals I have given only in tbe case 
of tkode that are more frequently met with in analytical Operations in 
the metallic state. 

§ 87. 

FIBST GROUP. 

PoTASSA, Soda, Ammonia. 

Propertiea of the group, — The alkalies are readily solnble in water, as 
well in the pure or caustic state as in the form of sulphides, carbonates, 
and phosphates. Accordingly they do not precipitate one another in 
the pure state, nor as carbonates or phosphates, nor are they precipitated 
by hydrosulphuric acid und er any condition whatever. The Solutions of 
the pure alkalies, as well as of their sulphides and carbonates, restore the 
blue color of reddened litmus-pa|)er, and impart an intensely brown tint 
to turmeric paper. 

Special Eeactions» 

§ 88. 

a, PoTASSA (K 0). 

1. Potassa and its hydrate and salts are not volatile at a faint red- 
heat. Potassa and its hydrate deliquesce in the air ; the oily liquids 
formed do not solidify by absorption of carbonic acid. 

2. Nearly the whole of the salts of potassa are readily soluble in water. 
They are colorless, if the constituent acid is so. The neutral salts of 
potassa with strong acids do not alter vegetable colors. Carbonate of 
potassa crystallizes with difficulty, and deliquesces in the air. Sulphate 
of potassa is anhydrous, and suffers no alteration in the air. 

. 3. BicMoride of platinum produces in the neutral and acid Solutions 
of the salts of potassa a yellow, crystalline, heavy precipitate of bichlo- 

RIDB DP PLATINUM AND CHLORIDE OF POTASSIUM {potOSsio^icJdoride of 

platinwn) (K Cl, Pt CIJ. In concentrated Solutions this precipitate 
separates immediately upon the addition of the reagent : in dilute Solu- 
tions it forms only after some time, ofben after a conaiderahle time. 
Very dilute Solutions are not precipitated by the reagent. The preci- 
pitate consists of octahedrons discernible under the microscope. Alka- 
line Solutions must be acidified with hydrochloric acid before the hi- 
chloride of platinum is added. The precipitate is diflScultly soluble in 
water ; the presence of free acids does not greatly increase its solubility ; 
it is insoluble in alcohol. Bichloride of platinum is therefore a par- 
ticularly delicate test for salts of potassa dissolved in spirit of wine. 
The best method of applying this reagent is to evaporate the aqueous 
Solution of the potassa salt with bichloride of platinum nearly to dryness 
on the water-bath, and to pour a little water on the residue, or, better 
still, some spirit of wine, provided no substances insoluble in that 
menstruum be present : the potassio-bichloride of platinum is left un- 
dissolved. Gare must be taken not to confound this double salt with 
ammonio- bichloride of platinum, which greatly resembles it (see §§ 90, 4). 
4. Tartaric acid produces in neutral or alkaline* Solutions of salts of 
potassa — a white, quickly subsiding, granulär crystalline precipitate of 

* In the case of alkaline solntions, the reagent must be added until the fluid shows a 
strongly acid reaction. 
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BITARTRATE op P0TAS8A (K 0, H O, Cg H^ O^^). In concentrated Solu- 
tions this preoipitate separates immediately ; in dilute Solutions ofben 
only after the lapse of some time. Vigorous shaking or stirring of the 
fluid promotes its formation considerably. Yery dilute Solutions are not 
precipitated by this reagent. Free alkalies and free mineral acids dis- 
solve the precipitate ; it is difficultly soluble in cold, but pretty readily 
soluble in bot water. In the oase of acid Solutions, the free acid must, if 
practicable, first be expelled by evaporation and ignition, or the Solution 
xaust be neutralized with soda or carbonate of soda, before we can pro- 
ceed to test for potassa with tartaric acid. 

5, If a Salt of potassa, more particularly chloride of potassium, is held 
on a platinum wire in the apex of the inner hlowpipe flame, the outer 
flame acquires a violet color. The tint whieh phosphate and borate 
of potassa impart to the ouber blowpipe flame is scarcely perceptible. 
Presence of a salt of soda completely obscures the reaction. Decre- 
pitating salts are pulverized and made to adhere to the wire with water. 
Addition of chloride of silver promotes the reaction in the case of nitrate, 
carbonate, &,g., of potassa (§ 84). 

6. If a salt of potassa (more particularly chloride of potassium) Is 
heated with a small quantity of water, alcohol (burning with colorless 
flame) added, heated, and then kindled, the flame appears violet. The 
presence of soda obscures this reaction. 

§89. 
h. Soda (NaO). 

1. Soda and its hydrate and salts present in general the same deport- 
ment and properties as potassa and its corresponding Compounds. The 
oily fluid which soda forms by deliquescing in tbe air, resolidifies speedily 
by absorption of carbonic acid. Carbonate of soda crystallizes readily ; 
the tabular crystals (NaO,0 0,+ lOaq.) effloresce rapidly when ex- 
posed to the air. The same applies to the prismatic crystals of sulphate 
of soda (Na O, S 0, + 10 aq.). 

2. Änti7non(Ue of potassa produoes in neutral or feebly alkaline Solu- 
tions of salts of soda a white, crystalline precipitate of metantimonatb 
op soda (Na O, Sb O^ + 7 aq.). "Vigorous shaking of the mixture pro- 
motes its formation. If the fluid, after the addition of the reagent, be 
stirred with a glass rod, moving the latter along the sides of the 
vessel, the lines described will, even in very dilute Solutions, speedily 
become visible, since the precipitate forms first on the parts rubbed 
by the rod. If the precipitate separates slowly, it consists of well- 
formed microscopic quadrilateral octahedrons. The presence of neutral 
salts of potassa interferes only slightly with the formation of the preci- 
pitate ; but carbonate of potassa, when present in larger proportion, 
wholly prevents its Separation from more dilute Solutions. In cases, 
therefore, where the Solution under examination contains this salt, it is 
necessaiy to precede the application of the antimonate of potassa by 
addition of hydrochloric or acetic acid until the reaction of the Solution 
remains only feebly alkaline. Acid Solutions must first be neutralized 
with potassa, since otherwise the reagent would suffer decomposition, 
and hydrated antimonic acid or acid antimonate of potassa be precipi- 
tated from it. 

3. Salts of soda (more particularly chloride of sodium), when exposea 

F 2 
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on a platinum wire to the inner hlowpipe flame, color the outer flame 
INTEKSELY YELLOW. Tliw reaction remains clearly perceptible, even if 
the soda contains a considerable adraixture of potassa. Chloride of silver 
promotes the reaction in the case of some, but not of all salts of soda. 

4. If a Salt of soda (more particularly chloride of sodium) is heated 
with a small quantity of water, alcohol added, and the latter heated 
and then kindled, the flame appear.? strongly yellow. The presence of 
a Salt of potassa does not impair the distinctness of this reaction. 

5. BicJdoride of platinum produces no precipitate in Solutions of 
salts of soda ; ta/rtaric acid only when a highly concentrated Solution of 
soda or carbonate of soda is mixed with a saturated Solution of tartaric 
acid in excess. The bulky precipitate of bitartrate of soda which in 
that case separates, consists of small needles and columns, and requires 
only 12 parts of cold water for its Solution ; it is not likely, therefore, 
to be confounded with the granulär crystalline precipitate of bitartrate 
of potassa. 

§90. 
c. Ammonia (N H^ 0). 

1. Anhydrous ammonia (N HT^) is gaseous at the common temperatare ; 
but we have most frequently to deal with it in its aqueous Solution, in 
which it betrays its presence at once by its penetrating odor. It is 
expelled from this Solution by the application of heat. It may be 
assumed that the Solution contains it as oxide of ammonium (N H^ 0) 
(see § 31). 

2. All the salts of ammonia are volatile at a high teraperature, either 
with or without decomposition. Most of them are readily soluble in 
water. The Solutions are colorless. The neutral Compounds of ammonia 
with streng acids do not alter vegetable colors. 

3. If salts of ammonia are tiiturated together with hydrate of Urne, 
best with the addition of a few drops of water, or are, either in a solid 
form or in Solution, heated with Solution of potassa or of soda, the 
ammonia is liberated in the gaseous State, and betrays itself (1) by its 
characteristic odor ; (2) by its reaction on raoistened test-papers ; and 
(3) by giving rise to the formationof white fumea^ when any object {e.g., 
a glass rod) moistened with hydrochloric acid, nitric acid, acetic acid, or 
any of the volatile acids, is brought in contact with it. These fumes 
arise from the formation of solid ammoniacal salts produced by the con- 
tact of the gases in the air. Hydrochloric acid is the most delicate test 
in this respect ; acetic acid, however, admits less readily of a mistake. 
In cases where the quantity of ammonia present is only very small, the 
best way of testing the alkaline reaction of the fumes is to cover a 
small beaker containing the mixture with a watch-glass, having a 
slip of moistened turmerio or reddened litmus-paper attached to the 
convex side, to place it on a hot slab, and observe, after a few minutes. 
whether the test-paper has changed color. 

4. BicJdoride of platinum shows the same deportment with salts of 
ammonia as with salts of potassa ; the yellow precipitate of bichloride 

OP PLATINUM AND CHLORIDE OP AMMONIUM (N H^ Gl, Pt Cl^) is, howeVCr; 

of a somewhat lighter color than potasaio-bichloride of platinum. It 
consists, like the corresponding potassium Compound, of octahedrons, dis- 
cemible tinder the microscope. 
' b, Ta/rtaric a>cid added in excess to a Solution of ammonia or carbonate 
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of ammonia, produces a white crystalline precipitate of bitartrate of 
AMMONiA (N H^ H O, Cg H^ Ojj,). In concentrated solutioDs this preci- 
pitate forms immediately ; in dilute Solutions only a^r some time. 
The Solutions of other ammoniacal salts (chloride of ammonium, nitrate 
of ammonia, <kcr.) are not precipitated by this reagent, even when highly 
concentrated ; or a trifling precipitate only separates afber long Stand- 
ing. Bitartrate of ammonia comports itself with solvents like the corre- 
sponding salt of potassa ; however, it is somewhat more readily so) üble 
in water and acids than the latter. 

6. If a Solution of potassio-iodide of mercury* containing much 
caustie potassa, is mixed with a fluid containing ammonia or an ammo- 
niacal salt, a reddish-brown precipitate of hydrated tetrahydrargyro- 
lODiDE OF AiffMONiuM (N HgJ + 2 H O) : 4 (Hg I, K I) + 3 K O + N H, = 
(N Hg^ 1+ 2HO) + 7Kl + HO, separates immediately or upon ap- 
plication of a gentle heat. This precipitate redissolves in presence of an 
excess of ammoniacal salts ; but reprecipitates upon further addition of 
potassa ; it is soluble also in Solution of iodide of potassinm, but the less 
so the more free potassa happens to be present. When a considerable 
excess of potassa exists, therefore, the precipitate is in soluble in iodide of 
potassium. Presence of chlorides of the alkali metals, or of salts of 
potassa and soda, does not interfere with the reaction ; but cyanides and 
sulphides of the alkali metals prevent it. This reaction was first pointed 
out by Nesder; it is not reqnired for ordinary analyses, but is ex- 
tremely valuable in cases where the presence of minute traces of 
ammoniacal salts are to be detected. I have found it to give distinot 
indications of the presence of ammonia in Solutions of '00001 grammeof 
chloride of ammonium in 1 cubic centimdtre of water. 

§91. 

Recapitvlation and remarka, — The salts of potassa and soda are not 
volatile at a moderate red heat, whilst the salts of ammonia volatilize 
readily \ the latter may therefore be easily separated from the former by 
ignition. The expulsion of ammonia from its Compounds, by hydrate of 
lime, aflbrds the surest means of ascertainüig the presence of this sub- 
stance. Salts of potassa can be detected podtivdy only afber the removal 
of the ammoniacal salts which may be present, since both classes of salts 
manifest the same or a similar deportment with bichloride of platinum 
and tartaric acid. After the removal of the ammonia, the potassa is 
clearly and positively characterized by either of these two reagents. The 
most simple way of detecting the potassa in the two diflöculty-soluble 
Compounds that have come under our consideration here — viz., the 
potassio-bichloride of platinum and bitartrate of potassa — is to decompose 
these salts by ignition; the former, thereupon, yields the potassa in the 
form of chloride of potassium, the latter in the form of carbonate of 
potassa. With respect to soda, the yellow tint which its salts irapart to 
the blowpipe flame and to the flame of alcohol, is a safe and mostly in 
itself sufficient proof of its presence^ provided always no other bodies be 
present besides salts of fixed alkalies. In form of chlorides, y^xr^h part 
of soda may by this means be detected in presence of potassa. Anti- 

* To prepare this reagent, digest at a geotle heat 2 grammes of iodide of potassium, 
and 3 grammes of iodide of mercury, in 5 cub. cent. of water ; add 20 cub. cent. of 
water, let the mixtore stand for some time, then filter ; add to the filtrate 30 cub. 
cent. of pure concentrated Solution of potassa (l : 4) ; and, shoold a precipitate fonn^ let 
this settle ; decant, and use the clear decanted fluid. 
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monateof potassa also gives decisive results when noother bases besides soda 
or potassa are present, and especially if these latter are present as Chlorides 
or nitrates. Even from verj dilute Solutions of salts of soda, antimonate 
of potassa added in excess will, after twelve hours' Standing, throw down 
antimonate of soda, the crystals of which may always be readily and 
distinctly recognised under the microscope by their form — quadrilateral 
octahedrons. 

§92. 

SUPPLEMENT TD THE FIRST GROUP. 

LiTHIA (Li 0). 

Lithia dissolves with difficulty in water ; it does not attraet moistare 
from the air. Most of its salts are soluble in water ; some of them are 
deliquescent (ohloride of lithium). Carbonate of lithia is difficnltly 
soluble, particularly in cold water. Phosphaie of soda produces, in not over 
dilute Solutions of salts of lithia, upon boiling, a heavy white crystalline 
precipitate of basic phosphate of lithia (3 Li O, P O^ + aq.). From very 
dilute Solutions of lithia the same basic phosphate is obtained by adding 
phosphate of soda and one or two drops of Solution of soda to the Solu- 
tion, evaporating the mixed fluid to dryness, and treating the residue 
with water. The basic phosphate of lithia obtained is sparingly soluble 
in water, and still less so in ammoniated water ; it dissolves much more 
readily in water containing salts of ammonium. It is immediately dis- 
solved by acids ; addition of ammonia produces no precipitate in some- 
what dilute acid Solutions in the cold, but upon boiling, a precipitate 
separates. The basic phosphate of lithia fuses before the blowpipe, and 
gives upon fusion with carbonate of soda on the platinum wire a clear 
bead ; when fused upon charcoal, it is absorbed by the pores of the latter 
body (another difference between it and the phosphate of the alkaline 
earths). Tartaric add and bicMoride qf platinum fail to precipitate even 
concentrated Solutions of salts of lithia ; but in a Solution of chloride of 
potassium containing chloride of lithium, bichloride of platinum readily 
produces a precipitate containing lithia {Jenzsch), If a salt of lithia 
(more particularly chloride of lithium) is exposed on a platinum wire to 
the inner hlowpipe flaine^ the outer flame shows a streng carhine tint. 
Presence of salts of soda (but not of salts of potassa) conceals this reaction. 
Addition of chloride of silver promotes it in the case of some, but not of 
all salts of lithia. If spirit of wine is poured over a salt of lithia (more 
particularly chloride of lithium), and then kindled, the flame appears of 
a c ARMINE colour ; presence of salts of soda conceals this reaction. 

To detect lithia in presence of potassa and soda, convert the bases into 
dry Chlorides ; treat thera, after addition of a drop of hydrochloric acid, 
with a mixture of absolute alcohol and anhydrous ether ; filter, distil, and 
treat the residue remaining after distil lation again with the said mixture, 
after previous addition of a drop of hydrochloric acid ; filter, concentrate 
the fil träte by evaporation, and then set fire to the concentrated fluid. 
A carmine-coloured flame indicates the presence of lithia. The residue 
remaining after evaporation of the alcohol raust dissolve in water to a 
clear fluid ; the Solution must not be precipitated by carbonate of am- 
monia (lime, strontia), and must give the above-mentioned reaction with 
phosphate of soda. This method is based upon the insolubility of chloride 
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of potassium, and chloride of sodium in absolute alcohol and ether, in 
which Chloride of lithium readily dissolves. 

§ 93. 

second group. 

Baryta, Strontia, Lihe, Magnesia. 

Properties of the grov/p, — The alkaline earths are soluble in water in 
tbe pure (caustic) state and as sulphides. Magnesia, however, dissolves 
but very sparingly in water. The Solutions manifest alkaline reaction ; 
the alkaline reaction of magnesia is most clearly apparent when that 
earth is laid upon moistened test-paper. The neutral carbonates and 
phosphates of the alkaline earths are insoluble in water. The Solutions 
of the salts of the alkaline earths are therefore precipitated by alkaline 
carbonates and phosphates, whilst hydrosulphuric acid falls to precipi- 
tate them under any condition. This deportment distinguishes the oxides 
of the second group from those of the first The alkaline earths and their 
salts are non-volatile and colorless ; their Solutions are not precipitated 
by sulphide of ammoniuni, nor by carbonate of baryta. 

Special Reactions, 

§ 94. 
a. Baryta (Ba 0). 

1. Caustic baryta is pretty readily soluble in hot water, but rather 
difficultly so in cold water ; it dissolves easily in dilute hydrochloric or 
nitric acid. Hydrate of baryta does not lose its water upon ignition. 

2. Most of the salts of baryta are insoluble in water. The soluble 
salts do not affect vegetable colors, and are decomposed upon ignition, 
with the exception of chloride of barium. The insoluble salts dissolve 
in dilute hydrochloric acid, except the sulphate of baryta. Nitrate of 
baryta and chloride of barium are insoluble in alcohol, and do not deli- 
quesce in the air. Concentrated Solutions of baryta are precipitated by 
hydrochloric or nitric acid added in large proportions, as chloride of 
barium and nitrate of baryta are not soluble in the aqueous Solutions of 
the said acids. 

3. Ämmonia (free from carbonic acid) produces no precipitate in the 
aqueous Solutions of salts of baryta ; potassa or soda (free from carbonic 
acid) only in highly concentrated Solutions. Water redissolves the 
bulky precipitate of crystals of baryta (Ba 0, H + 8 aq.) produced 
by potassa or soda. 

4. Alkaline carbonates throw down from Solutions of baryta carbonate 
OP baryta (Ba 0, C OJ in the foi-m of a white precipitate. When car- 
bonate of ammonia is used as the precipitänt, or if the Solution was 
previously aoidj complete precipitation takes place only upon heating the 
fluid. In chloride of ammonium the precipitate is soluble to a trifling 
yet clearly perceptible extent ; in very dilute Solutions of baryta, therefore, 
which contain much chloride of ammonium, carbonate of ammonia pro- 
duces no precipitate. 

5. Svlphuric acid and all the soluble avlplialeSf also Solution of sul- 
phiite of Urne, produce even in very dilute Solutions of baryta, a 
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heavy, finely pulverulent, white precipitate of sulphate op babtta 
(Ba 0, S Oj), which is insoluble or very difficultly soluble in diJute 
acids, alkalies, and salts of ammonia. As a rule, this precipitate is 
formed immediately upon the addition of the reagent; from highly 
dilutä Solutions, however, especiallj when strongly acid, it separat^ 
only after some time. Sulpbate of baryta is completely decomposed 
by fusion with carbonates of the alkalies — less readily and less com- 
pletely by boiling with Solution of carbonate of soda and carbonate 
of potassa. The decomposition leads to the formation of sulphates 
of the alkalies, which are soluble in water, and carbonate of baryta, 
which is insoluble in that fluid. Digestion with Solution of carbonate 
of ammonia in the cold fails to eflect the decomposition of sulphate of 
baryta, as also boiling with a Solution of 1 part of carbonate and 3 parts 
of sulphate of potassa {U, Rose), 

6. Hydrofluosüicic acid throws down from Solutions of baryta siLico- 
FLUORIDE OP BARIUM (Ba Fl + Si Fl^), in form of a colorless, crystalline, 
quickly subsiding precipitate. In dilute Solutions this precipitate is 
formed only after the lapse of some time ; it is perceptibly soluble in 
hydrochloric and nitric acids. Addition of an equal volume of alcohol 
hastens the precipitation and makes it so complete that the flltrate 
remains clear upon addition of sulphuric acid. 

7. Phosphate o/'«ofl?«producesin neutral or alkaline Solutions of baryta 
a white precipitate of phosphale dp baryta (2 Ba O, H O, P O J, which 
is soluble in free acids. Addition of ammonia only slightly increasesthe 
quantity of this precipitate ; chloride of ammonium dissolves it to a 
clearly perceptible exten t. 

8. Oxalate of ammonia produces in moderately dilute Solutions of baryta 

a white, pulverulent precipitate of Oxalate of bakyta (Ba 0,0+ aq.), 
which is soluble in hydrochloric and nitric acids. When recently 
thrown down, this precipitate dissolves also in oxalic and acetic 
acids; but the Solutions speedily deposit bin Oxalate of baryta (Ba 

0, O + H 0, + 2 aq.) in the form of a crystalline powder. 

9. Salts of baryta in powder, when heated with dilute spirit of tmne, 
impart to the flame a yellowish colour, which, however, is not very 
characteristic. 

10. Salts of baryta, particularly chloride of barium, when exposed on 
a platinum wire to the inner hloiopipe flame, color the outer flame yel- 
lowish-green. With chloride of barium and nitrate and acetate of 
baryta this reaction is the most distinct, but it is also shown by carbonate 
and sulphate of baryta. The presence of salts of lime and strontia does 
not prevent the reaction ; addition of chloride of silver considerably 
heightens its intensity. 

§ 95. 
h, Strontia (SrO). 

1. Strontia and its hydrate and salts manifest nearly the same general 
deportment and properties as baryta and its corresponding Compounds. — 
Hydrate of strontia is more difficulfcy soluble in water than hydrate of 
baryta. — Chloride of Strontium dissolves in absolute alcohol, and deli- 
quesces in moist air. Nitrate of strontia is insoluble in absolute 
alcohol, and does not deliquesce in the air. 

2. -The salts of strontia manifest with ammonia and potassa^ and also 
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with the cUkcUine carhanates and with phosphate qfaoday nearlj the same 
deportmeut as the salts of baryta. Oarbonate of strontia dissolves some- 
what more difficultlj in chloride of ammonium than is the case with car- 
bonate of baryta. 

3. Sidphuric add and aidphatea precipitate from Solutions of strontia 
SULPHATE OF STRONTIA (Sr 0, S Oj, in form of a white powder, which 
is insoluble in dilute acids and alkalies. Application of heat greatly 
promotes the precipitation. Sulphate of strontia is far more soluble in 
water than sulphate of baryta ; owing to this readier solubility, the pre- 
cipitated sulphate of strontia separates from rather dilute Solutions in 
general only after the lapse of some time ; and this is invariably the 
case (evenin concentrated Solutions) i£ aoliUion qf stdphate qflime is used 
as precipitant. In boiling hydrochloric acid sulphate of strontia dissolves 
perceptibly, a Solution of the kind showing, after dilution with water, a 
distinct turbidity upon the addition of a drop of Solution of chloride of 
barium. Sulphate of strontia is readily and completely decomposed by 
fusion with carbonates of the alkalies, and by boiling with their Solutions ; 
it is decomposed also when long digested in the cold with Solution of 
carbonate of ammonia, or boiled with a Solution of 1 part of carbonate of 
potassa and 3 parts of sulphate of potassa (difference from sulphate of 
baryta). 

4. Ifydrq/hioaüicic acid falls to produce a precipitate even in concen- 
trated Solutions of strontia ; even upon addition of an equal volume of 
alcohol no precipitation takes place, except in very highly concentrated 
Solutions. 

5. Oxalate of ammonia precipitates even from rather dilute Solutions, 

OXALATE DP STRONTIA (2 S, 0, O +5 aq.), in form of a white powder, 
which dissolves readily in hydrochloric and nitric acid, and percep- 
tibly in salts of ammonia, but is only sparingly soluble in oxalic and 
acetic acid. 

6. If salts of strontia soluble in water or alcohol are heated with 
dilute spirit of wine, and then kindled, the flame appears of an in- 
tense carmine color, more particularly upon stirring the alcoholio 
mixture. 

7. Chloride of atrontium when exposed on platinum wire to the 
inner bhwpipe ßame, imparts an intense red color to the outer flame. 
"With carbonate and sulphate of strontia the coloration is less intense ; 
addition of chloride of silver, however, makes the reaction with these 
two salts also lasting and distinct. Presence of baryta prevents this 
reaction of strontia. 

§ 96. 
c. LiME (Ca O). 

1. Lime and its hydrate and salts present, in their general deportment 
and properties, a great similarity to baryta and strontia and their cor- 
responding Compounds. Hydrate of lime is far more difficultly soluble 
in water than the hydrates of baryta and strontia ; it dissolves, besides, 
more sparingly in hot than in cold water. Hydrate of lime loses its water 
upon ignition. Chloride of calcium and nitrate of lime are soluble in 
absolute alcohol, and deliquesce in the air. 

2. Ammonia, potaaaa, cÜkaline carhonatea, and phoaphate of aoda, pre- 
sent nearly the same deportment with salts of lime as with salts of 
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baryta. Becently precipitated carboDate of lime (Ca O, C 0,) is bulkj 
and amorphous — after a time, and immediately upon application of heat, 
it falls down and assumes a crystalÜDe form« When recently precipitated, 
it dissolves pretty readily in Solution of chloiide of ammonium ; but the 
Solution speedily becomes turbid, and deposits the gi-eater part of the 
dissolved salt in form of crystals. 

3. Sidphimc add and sulphate of aoda produce immediately in very 
concentrated Solutions of lime white precipitates of sulphatb of liice 
(Ca O, S O,» H + aq.), which redissolve completely in a large propor- 
tion of water, and are still far more soluble in acids. In less concen- 
trated Solutions the precipitates are formed only after the lapse of some 
time ; and no precipitation whatever takes place in' dilute Solutions. 
f!>olution of sulphate of lime of course cannot produce a precipitate in 
salts of lime ; but evcD a cold saturated Solution of sulphate of potassa, 
niixed with 3 parts of water, produces a precipitate only afber stonding 
from twelve to twenty-four hours. In Solutions of lime which are so 
very dilute that sulphuric acid has no apparent action on them, a preci- 
pitate will immediately form upon addition of alcohol. When fused 
with carbonates of the alkalies, or boiled or digested with their Solu- 
tions, sulphate of lime compoi*ts itself the same as sulphate of strontia. 

4. Hydrofluoaüidc acid does not precipitate salts of lime. 

5. Oxalate of ammonia produces even in very dilute Solutions of lime 
a white pulverulent precipitate of Oxalate of lime. The composition 
of this precipitate, when thrown down hot or from concentrated Solu- 
tions, is Ca 0, Cj O3 + aq. ; whilst when thrown down cold from dilute 
Solutions, it consists of a mixture of Ca O, C^ 0, + aq. with Ca O, C, 0, 

+ 3 aq. In very dilute Solutions the precipitate forms only after some 
time. It is readily soluble in hydrochloric and nitric acids, but dis- 
solves to a trifling extent only in acetic and oxalic acids. 

6. Soluble salts of lime, when heated with dilute spirit of tßine, im- 
part to the flame of the latter a yellowish-red color, which is often con- 
fbunded with that communicated to the flame of alcohol by salts of 
stroutia. 

7. Chloride of calcium, when exposed on a platinum wire to the inner 
Uovypipe flame, imparts a red colour to the outer flame. With the other 
salts of lime this reaction is less iutense ; with phosphate and berate of 
lime it falls altogether. Chloride of silver, as a rule, heightens the in- 
teiisity of the color. Presence of baryta prevents this reaction of lime. 

§ 97. 
d, Magnesia (Mg 0). 

1 . Magnesia and its hydrate are white powders of far greater bulk 
than the other alkaline earths and their hydrates. Magnesia and hydrate 
of magnesia are nearly insoluble both in cold and hot water. Hydrate 
of magnesia loses its water upon ignition. 

2. Some of the salts of magnesia are soluble in water, others are in- 
soluble in that fluid. The soluble salts of magnesia have a nauseous 
bitter taste ; in the neutral State they do not alter vegetable colors ; 
with the exception of sulphate of magnesia, they undergo decomposition 
when ignited, and the greater part of them even upon simple evapora- 
tion of their Solutions. Nearly all the salts of magnesia which are in- 
soluble in water dissolve in hydrochloric acid. 



I 
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3. Ämmonia throwB down from th^ Solutions of neutral salts of mag- 
nesia part of the magnesia as hydrate (Mg O, H O), in form of a white, 
bulky precipitate. The rest of the magnesia remains in Solution aa a 
double Salt, yiz., in combination with the ammoniacal salt which forms 
lipon the decomposition of the salt of magnesia; these double salts 
are not decomposed bj ammonia. It is owing to this tendencj of 
salts of magnesia to form such double salts with ammoniacal 
Compounds» tbat ammonia falls to precipitate them in presence of 
ammoniacal salts in sufficient proportion, or, what is the same, that 
ammonia produces no precipitate io Solutions of magnesia containing a 
sufiicient quantity of free acid ; and thtft precipitates produced by am- 
monia in neutral Solutions of magnesia are redissolved upon the addition 
of Chloride ofammonium. 

4. Potaaaa, soda, and cauatic ha/ryta throws down from Solution of 
magnesia htdrate of magnesia. The Separation of this precipitate is 
greatly promoted by boiling the mixture. Chloride of ammonium and 
other similar salts of ammonia redissolve the precipitated hydrate of mag- 
nesia if the precipitant has not been added greatly in exce^. If the 
salts of ammonia are added in sufficient quantity to the Solution of mag- 
nesia before the addition of the precipitant, small quantities of the latter 
fail altogether to produce a precipitate. However, upon boiling the 
Solution afberwards with an excess of potassa, the precipitate will of course 
make its appearance, since this process causes the decomposition of the 
ammoniacal salt, removing thus the ageut which retains the hydrate of 
magnesia in Solution. 

5. Carbonate o/potassa and carboncUe qfsoda produce in neutral Solu- 
tions of magnesia a white precipitate of basio carbonate of magnesia 
3 (Mg O, C Oj, + aq.) + Mg 0, H O. One fourth of the carbonic acid 
of the decomposed alkaline carbonate is liberated in the process, and 
combines with a portion of the carbonate of magnesia to bicarbonate, 
which remains in Solution. This carbonic acid escapes upon ebuUition ; 
application of heat therefore promotes the Separation and increases the 
quantity of the precipitate. Chloride of ammonium and other similar 
salts of ammonia prevent this predpitation also, and redissolve the pre- 
cipitates already formed. 

6. Carbonate of ammonia does not precipitate Solutions of magnesia 
in the cold (at least never immediately, nor even after a short time) ; 
upon boiling, it precipitates them only incompletely. Addition of 
Chloride of ammonium and other similar salts of ammonia, in sufficient 
quantity, entirely prevents the formation of a precipitate. 

. 7. Phosphate of soda precipitates from Solutions of magnesia, if they 
are not too dilute, Phosphate of magnesia (2 Mg O, H 0, P O,) as a 
white powder. The Separation of the precipitate is greatly promoted by 
ebullition. But if the addition of the precipitant is preceded by that of 
Chloride of ammonium and ammonia, a white cry stalline precipitate of 

BASIC PHOSPHATE OF MAGNESIA AND AMMONIA (2 Mg O, N H^ O, P 0^ 

+ 12aq.) will iseparate, even from very dilute Solutions of magnesia; its 
Separation niay be greatly promoted and accelerated by vigorous stirring 
with a glass rod : even sliould the Solution be so extremely dilute as to 
forbid the formation of a precipitate, yet the lines of direction in which 
the glass rod has moved along the side of the vessel will after the lapse 
of some time appear distinctly as white streaks. Water and Solutions of 
saJts of ammonia dissolve the precipitate but very slightly ; but it is 
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readily soluble in acids, even in acetic acid. In water containing ammo- 
nia it may be considered insoluble. 

8. Oxalate of ammonia produces no precipitate in highly dilute Solu- 
tions of magnesia ; in less dilute Solutions no precipitate is formed at 
first, but after some time crjstalline crusts of various Oxalates of 
ammonia and magnesia make their appearance. In bighly concentrated 
Solutions Oxalate of ammonia very speedily produces precipitates of 

Oxalate of magnesia (Mg O, O + 2 aq.), which contain small quantities of 
the above-named double salts. Chloride of ammonium, especially in 
presence of free ammonia, intej^eres with the formatiou of these preci- 
pitates ; but, as a rule, it does not absolutely prevent it. 

9. Svlphy/ric acid and hydrofluoaüidc acid do not precipitate salts of 
magnesia. 

10. If magnesia, or a salt of magnesia, is moistened with water, heated 
to redness on a charcoal support, then moistened with 1 drop of Solution 
of nitrate of protoxide of cobalt, and again heated at first to gentle red- 
ness, ultimately to intense redness, in the oxidation flame, a pinkish 
mass is obtained, the color of which becomes distinctly apparent only upon 
oooling, but is never very intense. Alkalies, alkaline earths^ and heavy 
metallic oxides prevent the reaction. 

§98. 

BecapitukUion and remarka, — ^The diflScult solubility of the bydrate 
of magnesia, the ready solubility of the sulphate, and the disposition of 
salts of magnesia to form double salts with ammoniacal Compounds, are 
the three principal pöints in which magnesia differs from the other 
alkaline earbhs. To detect magnesia we always first remove the baryta, 
strontia, and lime, if these bodies happen to be present. In cases re- 
quiring no very high degree of accuracy, and where the quantity of salts 
of ammonia present in the Solution is inconsiderable, this removal may 
be effected by means of carbonate of ammonia and ammonia ; but the 
Separation is never perfect, owing to the solvent action which salts of 
ammonia exercise more especially upon carbonate of baryta and lime j 
indeed, minute traces of baryta and lime can rarely be precipitated in 
this manuer. Baryta is separated the most completely by sulphuric 
acid or a sulphate ; lime, by Oxalate of ammonia in presence of ammonia 
and some chlonde of ammonium ; strontia, in the same manner as lime, or 
by ammonia and carbonate of ammonia in presence of chloride of ammo- 
nium. After the removal of the other alkaline earths, the magnesia may 
be readily detected in the filtrate by phosphate of soda in conjunction with 
ammonia. The detection of baryta is an easy task under any circum- 
stances ; since the precipitate of sulphate of baryta which separates from 
baryta Solutions immediately upon the addition of sulphate of lime, and 
the reaction of baryta with hydrofluosilicic are indubitable proofs of the 
presence of this earth. Strontia may likewise be readily detected by its 
deportment with Solution of sulphate of lime, provided of course no 
baryta be present. If baryta is present, the detection of the strontia 
may be effected by Converting the two earths into dry chlorides, and 
digesting the latter with absolute alcohol ; the greater part of the 
chloride of barium is left undissolved, whilst the chloride of Strontium 
dissolves ; if the alcohol is now heated, and then ignited, the carmine 
tint of the flame will indicate the presence of strontia. However, the 
results obtained in this way can only be considered satisfactory if the 
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qiiantity of the strontia is not too minute, and if there is not mncli lime 
present ; since in the latter case the yellowish-red flame of the lime will 
mask the carmine flame of the strontia. In cases of this kind strontia is 
detected best by the foUowing process. Mix the Solution containing baryta, 
strontia, and lime with hydrofluosilicic acid and a volume of alcohol 
equal to that of the fluid present ; let the mixture stand several hours ; 
filter off" the silicofluoride of barium, and mix the filtrate with sulphuric 
acid ; Alter the precipitate formed, wash, and convert the sulphates into 
carbonates by boiling with Solution of carbonate of soda ; wash the car- 
bonates, dissolve them in a small quantity of hydrochloric acid, and test 
the Solution for strontia with Solution of sulphate of lime. The preci- 
pitate of sulphate of strontia thus obtained may then be tested before 
the blowpipe, with addition of chloride of silver. For the detection of 
lime we invariably select Oxalate of ammonia. Before applying this test, 
however, baryta and strontia must be removed, as they are equally pre- 
cipitated by it. This removal is effected best by adding to the Solution 
sulphate of potassa in excess, and boiling the mixture for some time. 
If there is much lime present, a portion of the latter earth precipi- 
tates with the baryta and strontia; this is, however, a matter of 
indiflerence, since there remains always a sufficient amount of lime in 
Solution to permit the positive and indubitable detection of this substance 
in the filtrate by Oxalate of ammonia ; to prevent precipitation of traces 
of Oxalate of strontia, the filtrate must be diluted with | volume of water. 
The best way of efiecting the detection of the alkaline earths, when in 
the form of phosphates, is to decompose these latter by means of sesqiü- 
chloride of iron with the addition of acetate of soda (§ 143). The 
Oxalates of the alkaline earths are converted into carbonates by ignition, 
preparatory to the detection of the individual earths which they contain. 
Sulphate of baryta and sulphate of strontia are fused with alkaline car- 
bonates, to effect the detection of the baryta and strontia (compare 
§ 141). To separate sulphate of baryta from sulphate of strontia and 
. sulphate of lime, digest the finely triturated substance with Solution of 
carbonate of ammonia for twelve hours in the cold, or boil it ten minutes 
with a Solution of 3 parts of sulphate and 1 part of carbonate of potassa ; 
sulphate of strontia and sulphate of lime are decomposed in both cases, 
whilst sulphate of baryta remains unaltered. Filter, wash thoroughly 
with hot water, and test the washed residue with dilute hydrochloric acid, 
which will dissolve the carbonate of strontia and carbonate of lime 
formed, leaving the sulphate of barjrta undissolved {H. Rose), 

§ 99. 

THIRD GROUP. 

A LUMINA, Sesquioxide OP Chromium. 

Propertiea o/the group. — Alumina and sesquioxide of chromium are 
insoluble in water, both in the pure State and as hydrates. They form 
no neutral salts with carbonic acid. Their sulphides cannot be produced 
in the humid way. Hydrosulphuric acid therefore fails to precipitate 
Solutions of alumina and sesquioxide of chromium ; sulphide of ammonium 
precipitates the hydrated oxides from these Solutions. This deportment 
with sulphide of ammonium distinguishes the oxides of the third from 
those of the two preceding groups. 
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Special Reactiona. 

§ 100. 

a, Alümina (AI, 0,). 

1. Alumina is non-volatile and colorless ; the hydrate is also colorless. 
Alumina dissolves in acids (particularly when dilute) slowly and with very 
great difficulty ; in fuäing bisulphate of potassa it dissolves readily to a 
mass soluble in water. The hydrate in an amorph ous state^ and recently 
precipitated, is readily soluble in acids ; but after being left some time in 
the fluid froni which it was precipitated, its solubility decreases, and in the 
crystallized state it dissolves with very great difficulty in acids. After pre- 
vious igüition with alkalies, which leads to the formation of aluminates 
of the alkalies, alumina is readily dissolved by acids. 

2. The salts of alumina are colorless^ and most of them are non-> 
volatile : some of them are soluble, others insoluble. The soluble 
salts have a sweetish, astringent taste, redden litmus-paper, and lose 
their acids upon ignition. The insoluble salts are dissolved by hydro- 
chlorlc acid, with the exception of certain native Compounds of alumina ; 
the Compounds of alumina which are insoluble in hydrochloric acid are 
decomposed and made soluble by ignition with carbonate of soda and 
potassa, or bisulphate of potassa. 

3. Potassa and soda throw down from Solutions of alumina a bulky 
precipitate of hydrate of alumina (AI, O,, 3 H O), which contains 
alkali, and generally also an admixture of biasic salt ; this precipitate re- 
dis&olves readily and completely in an excess of the precipitant, but from 
this Solution it is reprecipitated by addition of chloride of ammonium, 
even in the cold^ but more completely upon application of heat (com- 
pare § 51). The presence of salts of ammonia does not prevent the 
precipitation by potassa or soda. 

4. Ammonia also produces in Solutions of alumina a precipitate of 
HYDRATE OF ALUMINA, containing ammonia and an admixture of basic 
Salt ; this precipitate also redissolves in a very cousiderable excess of the 
precipitant, but with difficulty only, which is the greater the larger the 
quantity of salts of ammonia contained in the Solution. It is this deportr 
ment which accounts for the complete precipitation of hydrate of alumina 
from Solution in potassa, by an excess of chloride of ammonium. 

5. If the Solution of a salt of alumina is digested with finely pulverized 
carbonate of baryta, the greater part of the acid of the alumina salt 
combiues with the baryta, the liberated carbonic acid escapes, and the 
alumina precipitates completely as hydrate mixed with basic salt of 
ALUMINA ; even digestion in the cold suffices to produce this reaction. 

6. If alumina or one of its Compounds is ignited upon charcoal before 
the blowpipe, and afberwards moistened with a Solution of nitrate of 
protoxide afcohalt, and then again strongly ignited, an unfused mass of 
a deep sky-blue color is produced, which consists of a Compound of the 
two Oxides. The blue color becomes distinct only upon cooling. By 
candlelight it appears violet. This reaction is decisive only in the case 
of infusible or difficultly fusible Compounds of alumina pretty free from 
other Oxides^ as Solution of cobalt imparts a blue tint to readily fusible 
salts, even though no alumina be present. 
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§ 101. 
6. Sesqüioxidb of Chromium (Cr^ 0,). 

1. Sesquioxide of chromium is a green, its hydrate a bluish gray-green 
powder. The hydrate dissolves readily in acids ; the non-ignited sesqui- 
oxide dissolves more difficultly^ and the ignited sesquioxide is almost 
altogether insoluble. 

2. The salts of sesquioxide of chromium have a green or violet color. 
Many of them are soluble in water. Most of them dissolve in hydro- 
chloric acid. The Solutions usually exhibit a fine green color. Many 
double salts of sesquioxide of chromium, e.g.^ sulphate of sesqui- 
oxide of chromium and potassa (chrome alum), have a deep violet 
color, and give with cold water bluish- violet sobitions which, however, 
acquire a green tint when even moderately heated. The salts of sesqui- 
oxide of chromium with volatile acids are decomposed upon ignition, the 
acids being expelled. The salts of sesquioxide of chromium which are 
soluble in water redden litmus. 

3. Potassa and soda produce in Solutions of salts of sesquioxide of 

chromium a bluish-green precipitate of hydrate of sesquioxide of 

CHROMIUM, which dissolves readily and completely in an excess of the 

precipitant, imparting to the fluid generally an emerald-green tint, but 

in cases where the Solution originally precipitated was bluish-violet, a 

violet color. lipon long-continued ebullition of this Solution, the whole 

of the hydrated sesquioxide separates again, and the supernatant fluid 

appears perfectly colorless. The same reprecipitation takes place if 

Chloride of ammonium is added to the alkaline Solution, and the mixture 

heated. If the alkaline Solution of sesquioxide of chromium is gently 

heated with binoxide of lead, the sesquioxide of chromium is con- 

verted into chromic acid, and the alkaline fluid now holds Chromate 

of lead in Solution ; upon supersaturation with acetic acid, Chromate of 

lead separates in form of a yellow precipitate. 

4. Ämmonia also produces in Solutions of salts of sesquioxide of chro- 
mium a precipitate of hydrate of sesquioxide op chromium : this precipi- 
tate contains more or less water, according as the ammonia has been added 
gradually or suddenly, and appears, therefore, sometimes grayish-green, 
sometimes grayish-blue. A small portion of it redissolves in an excess of 
the precipitant in the cold, imparting to the fluid ä peach-blossom red 
tint ; but if, after the addition of ammonia in excess, heat is applied to 
the mixture, the precipitation is complete. 

5. Ca/rbonate of haryta precipitates from Solutions of sesquioxide of 
chromium the whole of the sesquioxide as a greenish hydrate mixed 
with BASIC SALT. The precipitation takes place in the cold, but is com- 
plete only after long-continued digestion. 

6. The fusiou of sesquioxide of chromium or of any of its Compounds 
with nitrate ofsoda and some ca/rhonate of soda gives rise to the formation 
of yellow CHROMATE of SODA, part of the oxygen of the nitric acid sepa- 
rating from the nitrate of soda, and Converting the sesquioxide of chro- 
mium into chromic acid, which then combines with the soda. For 
the refictions of chromic acid, see § 138. 

7. Phosphaie ofsoda and anvmonia dissolves sesquioxide of chromium 
and its salts, both in tlie oxidizing and redt«ying flame of the blowpipe, 
to dear beads of a faint yellowish-oreen ünt, which upon cooling 
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chaDges to emerald-gbeen. The sesquioxide of chromium and its salts 
show a similar deportment with biborcUe of aoda. 

§ 102. 

EecapüulaMon and remarhs, — The solubüity of hydrate of alumiDa in 
Solutions of potassa and soda, and its reprecipitation from the alkaline 
sohitions by chloride of ammonium, afford a safe means of detecting 
alumina only in the absence of sesquioxide of chromium. If the latter 
is present therefore, which is seen either from the color of the Solution, 
or by the reaction with phosphate of soda and ammonia, it must be 
removed before we can proceed to test for alumina. The Separation of 
sesquioxide of chromium from alumina is effected the most completely 
by fusing 1 part of the mixed oxides together with 2 parts of carbonate 
and 2 parts of nitrate of soda, which may be done in a platinum crucible. 
The yellow mass obtained is boiled with water; by this process the 
whole of the chromium is dissolved as Chromate of soda, and part of the 
alumina as aluminate of soda, the rest of the alumina remaining undis- 
solved. If the Solution is acidified with nitric acid, it acquires a reddish 
tint ; if ammonia is then added to feebly alkaline reaction, the dissolved 
portion of the alumina separates. 

The precipitation of sesquioxide of chromium, effected by boiling its Solu- 
tion in Solution of potassa or soda, is also sufficiently reliable if the ebullition 
is continued a sufficient length of time ; still it is often liable to mislead in 
cases where only little sesquioxide of chromium is present, or where the 
Solution contains organic matter, even though in small proportion only. 
The deportment of a Solution of sesquioxide of chromium with Solution 
of potassa or soda is completely changed by the presence of certain other 
nietallic oxides, especially oxide of zinc, oxide of lead, sesquioxide of 
iron ; in presence of these oxides, and according to the greater or less 
relative proportion in which they happen to be present, sesquioxide of 
chromium does not dissolve, or dissolves only incompletely in au excess 
of Solution of potassa. This circumstance should never be lost sight of 
in the analysis of Compounds containing sesquioxide of chromium. 
Lastly, it must be bome in mind, also, that alkalies produce no precipi- 
tates in the solutions of alumina if non-volatile organic substanccs are 
present, such assugar, tartaric acid, <&c. ; whilst the precipitation of sesqui- 
oxide of chromium is less seriously interfered with by the presence of 
such bodies. 

§ 103. 

SUPPLEMENT TO THE THIRD GROUP. 

Titanic Acid (TiO,). 

From among the other oxides enumerated in § 86 as belonging to the 
third group, we have selected titanic acid as deserving of special 
notice, since this substance is met with more frequently than the 
others in analytical investigations, more especially also in the analysis of 
the slag adhering to the bottom of blast furnaces in which iron ore is 
reduced, which slag is often found to contain small copper-coloured cubes, 
.consisting of a combination of Cyanide of titanium with nitnde of 
titauium {Wöhler), 

Titanium bums in the air with considerable brilliancy to titanic acid 
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(Ti O,). Besides the acid, another oxide of titanium is known, the 
sesquioxide (Ti^ O,). According to the different mode of ita prepa- 
ration, titanic acid appears sometime» as a white powder, which, wheu 
heated, transiently acquires a yellow tint, sometimes in the form of dmall 
lumps of a reddish-brown color. It is infusible, and insoluble in 
water and acid, with the exception of concentrated sulphuric acid. 
With bisulphate of potassa it fuses into a mass, which dissolves 
in a large proportion of cold water to a clear fluid. Fusion of 
titanic acid with carbonate of soda gives rise to the formation of 
titanate of soda, which is by addition of water converted into soda 
and bititanate of soda ; the latter salt is insoluble in water, but soluble 
in hydrochloric acid. The hydrate of titanic acid is white ; it dissolves, 
both in the moist State and when dried without the aid of heat, in 
dilute acids, especially hydrochloric and sulphuric acids. Solutions of 
titanic acid in hydrochloric or sulphuric acid, but more especially the 
latter, when subjected in a highly dilute state to long-continued ebulli- 
tion, deposit titanic acid as a white powder, insoluble in dilute acids. 
The precipitate thus formed in hydrochloric acid cannot be separated 
by flltration, unless an acid or chloride of ammonium is added, as it 
will pass through the filter with the washing water. Solution of 
potassa throws down from solutious of titanic acid in hydrochloric 
or sulphuric acid, hydrate of titanic acid in form of a bulky , white 
precipitate, which is insoluble in an excess of the precipitant ; am- 
monia, Bulphide of ammonium, carbonates of the alkalies, and car- 
bonate of baryta act in the same way. The precipitate, if thrown 
down without application of heat, and washed with cold water, 
is soluble in hydrochloric acid and dilute sulphuric acid ; presenoe 
of tartaric acid prevents its formation. Ferrocyanide of potassium pro- 
duces in acid Solutions of titanic acid a dark brown precipitate ; 
infusion of galls a brownish precipitate, which speedily turns orange- 
red. Metallic zinc produces, in consequence of the ensuing reduction 
of titanic acid to sesquioxide of titanium, at first a blue coloration- 
of the Solution, afberwards a blue precipitate of hydrate of sesquioxide 
of titanium. Phosphate of soda and ammonia readily dissolves titanic 
acid in the outer flame of the blowpipe to a clear bead of a yellowish 
color whilst hot, but colorless when cold. If this bead is exposed to the 
reducing flame, it acquires a yellow tint, which turns to red when the 
bead is half cold, and to violet when quite cold. 

§ 104. 

foürth group. 

Oxide op Zinc, Protoxide op Manganese, Protoxide op Nickel, 
Protoxide op Cobalt, Protoxide op Iron, Sesquioxide of 
Iron. 

Properties of the group. — ^The Solutions of the oxides of the fourth 
group, when containing a strouger free acid, are not precipitated by 
hydrosxdphuric acid ; neutral Solutions also are not, or only very incom- 
pletely, precipitated by that reagent ; but alkaline Solutions are com* 
pletely precipitated by hydrosulphuric acid ; and other Solutions also if 
a sulphide of an alkali metal is used as the precipitant, instead of 
hydrosulphuric acid. The precipitated metallic sulphides correspoQding 
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to the respective oxides are insoluble in water; some of them are 
readily soluble in dilute acids ; others (sulphide of nickel and sulpbide 
of cobalt) dissolve only witb very great diflSciilty in tbese menstrua. 
Some of them are insoluble in sulphides of the alkali metals ; others are 
spariDglj soluble in them, under certain circumstances. 

Special Eeactuma» 

§ 105. 

a. Oxide de Zinc (Zn 0). 

1. Metallic zinc is bluish- white and very bright ; when exposed to the 
air, a thin coating of basic carbonate of zinc forms on its surface. It is 
of medium hardness, ductile at a temperature of between 212° aud 
302° Fab., and under ordinary circumstances more or less brittle ; it 
fuses readily on charcoal before the blowpipe, boils aflerwards, and 
bums with a bluish-green flaroe, giving off white fumes, and coating 
the charcoal support with oxide. Zinc dissolves in hydrochloric and 
ßulphuric acids, with evolution of hydrogen gas ; in dilute nitric acid, 
with evolution of nitrous oxide ; in more concentrated nitric acid, with * 
evolution of nitric oxide. 

2. The oxide of zinc and its hydrate are white powders, which dis- 
solve readily in hydrochloric, nitric, and sulphuric acids. The oxide 
of zinc acquires a lemon-yellow tint when heated, but it reassumes 
its original white color upon cooling. When ignited before the blow- 
pipe, it shines with considerable brilliancy. 

3. The Compounds of oxide of zinc are colorless ; part of them are 
soluble in water, the rest in acids. The neutral salts of zinc which are 
soluble in water redden litmus-paper, and are readily decomposed by 
heat, with the exception of suiphate of zinc, which can bear a duU red 
heat, without undergoing decomposition. Chloride of zinc is volatile at 
a red heat. 

4. Hydrosfidphwric add precipitates from neutral Solutions of salts of 
zino a portion of the metal as white hydrated sulphide of zinc (Zn S). 
In acid Solutions this reagent fails altogether to produce a precipitate if 
the free acid present is one of the stronger acids ; but from a Solution 
of oxide of zinc in acetic acid, it throws down the whole of the zinc, 
even if the acid is present in excess. 

5. Sulphide of ammonium throws down from neutral^ and hydrosvl- 
phv/ric add from alkaline Solutions of salts of zinc, the whole of the 
metal as hydrated sulphide of zinc, in form of a white precipitate. 
This precipitate is not redissolved by an excess of sulphide of ammonium, 
nor by potasaa or ammonia ; but it dissolves readily in hydrochloric acid, 
nitric acid, and dilute sulphuric acid. 

6. Potassa and soda throw down from Solutions of salts of zinc 
HYDRATED OXIDE OF ZINC (Zn 0, H 0), in form of a white, gelatinous 
precipitate, which is readily and completely redissolved by an excess of 
the precipitant. Upon boiling these alkaline Solutions they remsdn, if 
concentrated, unaltered j but from dilute Solutions nearly the whole 
of the oxide of zinc separates as a white precipitate. Chloride of 
ammonium does not precipitate alkaline Solutions of oxide of zinc. If a 
Solution of oxide of zinc in Solution of potassa or soda is mixed with a 
Solution of sesquioxide of chromium also in Solution of potassa or soda, 
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a green precipitate is formed, consisting of a Compound of sesquioxide of 
chromium with oxide of zinc (Zq O, Cr^ Oj). A Solution of caustic 
soda or potassa therefore can never contain both oxides together in 
Solution {Ghancd), 

7. Ammonia also produces in Solutions of oxide of zinc, if they do not 
contain a large excess of free acid, a precipitate of hydrated oxide of 
ZINC, which readily dissolves in an excess of the precipitant. The con- 
centrated Solution turns turbid when mixed with water. On boiling 
the concentrated Solution, part of the oxide of zinc separates imme- 
diately ; on boiling the dilute Solution, all the oxide of zinc precipitates. 

8. CarboncUe qfsoda produces in Solutions of salts of zinc a precipitate 
of BASIC CARBONATE OF ZINC (3 [Zn O, H O] 4 2 [Zu O, C J + 4 aq.), 
which is insoluble in an excess of the precipitant. Presence of salts 
of ammonia in great excess prevents the formation of this precipitate. 

9. CarboncUe of ammonia also produces in Solutions of salts of zinc 
the same precipitate of basic carbonate of zinc as carbonate of soda ; 
but this precipitate redissolves upon further addition of the precipitant. 
On boiling the dilute Solution, oxide of zinc precipitates. 

10. Carbonate of baryta falls to precipitate Solutions of oxide of zinc 
in the cold. 

11. If a mixture of oxide of zinc, or one of its salts, with carbonate 
of 8oda is exposed to the reducing flame of the blowpipe, the charcoal 
Support becomes covered with a slight coating of oxide of zinc, which 
presents a yellow color whilst hot, and turns white upon cooling. This 
coating is produced by the reduced metallic zinc volatilizing at the 
moment of its reduction, and being reoxidized in passing through the 
outer flame. 

12. If oxide of zinc or one of the salts of zinc is moistened with 
Solution of nürate of protoxide of cobalt, and then heated before the 
blowpipe, an unfused mass is obtained, of a beautiful green color : this 
mass is a Compound of oxide of zinc with protoxide of cobalt. If there- 
fore in the experiment described in 1 1 the charcoal is moistened, around 
the little cavity, with Solution of nitrate of protoxide of cobalt, the 
coating appears green when cold, 

§ 106. 

b. Protoxide of Manganese (Mn 0). 

1. Metallic manganese has a whitish-gray color and but little lustre ; 
it is brittle, and fuses with very great difficulty ; it oxidizes slowly in cold 
waier, rapidly in boiling water, and dissolves readily in acids. The 
Solutions contain protoxide. 

2. Protoxide of manganese is grayish-green ; the hydrated protoxide 
is white. Both the protoxide and its hydrate absorb oxygen frora the 
air, and are converted into the brown sesquioxide. They are readily 
Boluble in hydrochloric, nitric, and sulphuric acids. 

3. The salts of protoxide of manganese are colorless or pale red ; 
part of them are soluble in water, the rest in acids. The salts soluble 
in water are readily decomposed by a red heat, with the exception of the 
sulphate. The Solutions do not alter vegetable colors. 

4. Hydromlphuric acid does not precipitate acid Solutions of salts of 
protoxide of manganese j neutral Solutions also it fails to precipitate, or 
precipitates them only very imperfectly. 

G 2 
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5. Stdphide o/ammonium throws down from neutral, änd hydrosvl- 
phuric acid from alkaline Solutions of salts of protoxide of manganese, 
the whole of the metal as hjdrated sulphide of manoanese (Mn S), in 
form of a light flesli-colored* precipitate, which acquii'es a dark-brown 
color in the air; this precipitate is insoluble in yellow sulphide of 
ammonium and in alkalies, soluble to a very trifling extent in oolor- 
less sulphide of ammonium, but readilj soluble in hydrochlorie and 
nitric acids. From veiy dilute Solutions the precipitate separates only 
after standing some time in a warm place. 

6. Fotaasa, soda, and ammonia produce whitish precipitates of HY- 
DRATE OP PROTOXIDE OF MANOANESE (Mn O, H 0), which upon exposure 
to the air speedily acquire a brownish and finally a deep blackish-brown 
color, owing to the conversion of the hydrated protoxide into hydrated 
sesquioxide, by the absorption of oxygen from the air. Ammonia and 
carbonate of ammonia do not redissolve this precipitate ; but presence 
of Chloride of ammonium prevents the precipitation by ammonia alto- 
gether, and that by potassa partly. Of already formed precipitates 
Solution of Chloride of ammonium redissolves only those parts which 
have not yet undergone peroxidation. The Solution of the hydrated 
protoxide of manganese in chloride of ammonium is owing to the dis- 
Position of the salts of protoxide of manganese to form double salts with 
salts of ammonia. The ammoniacal Solutions of the double salts tum 
brown in the air, and deposit dark-brown hydrate of sesquioxide of 
manganese {Otto). 

7. If a few drops of a fluid containing protoxide of manganese, and 
free from chlorine, are pprinkled on binoxide of lead, or red-lead, nitric 
acid free from chlorine added, the mixture boiled and allowed to 
settle, the fluid is of a purple red color from the formation of perman* 
ganic acid. 

8. Carbonate of haryta does not precipitate protoxide of manganese 
from its Solutions, upon digesbion in the cold. 

9. If any Compound of manganese, in a State of minute division, is 
fused with carbonate of soda on a piatinum wire in the oiUer flame of 
the blowpipe, manganate of soda (Na O, Mn 0^) is formed, which 
makes the fused mass appear green while hot, and of a bluish-green 
tint after cooling, the bead at the same time becoming turbid. This 
reaction enables us to detect the smallest quantities of manganese. The 
delicacy of the test may be still further increased by the addition of a 
minute qüantity of nitrate of potassa to the carbonate of soda. 

10. ^orao; and phospfuite of soda and ammonia dissolve manganese 
Compounds in the oiiier flame of the blowpipe to clear violet-red beads, 
which upon cooling acquire an amethyst-red tint : they lose their 
cplor in the inner flame, owing to a reduction of the sesquioxide to 
protoxide. The bead which borax forms with manganese Compounds 
appears black when containing a considerable portion of sesquioxide 
of manganese, but that formed by phosphate of soda and ammonia 
never loses its transparency. But the latter loses its color in the inner 
flame of the blowpipe far more readily than the former. 

§ 107. 

C. PROTOXIDE OF NICKEL. 

1. Metallic nickel in the fused state is silvery white, inclining to gray ; 
* If the quantifcy of the precipitate ia onlj trifling, the color appears yellowiah-whita 
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it 18 bright, bard, malleable, ductile, difficultly fusible ; it does not oxidize 
in tbe air at common temperatures, but it oxidizes slowlj upon ignition ; 
it is attracted by tbe magnet, and may itself become magnetic. It slowly 
dissolves in bydrochloric acid and dihite sulpburic acid upon theapplica- 
tion of beat, tbe Solution being attended with evolution of bydrogen gas. 
It dissolves readily in nitric acid. 

2. Protoxide of nickel is a gray, its bydrate a green powder. Botb 
tbe protoxide and its bydrate are unalterable in tbe air, and readily 
soluble in bydrocbloric, nitric, aud sulpburic acids. 

3» Most of tbe salts of protoxide of nickel are yellow in tbe anbydrous, 
green in tbe bydrated state ; their Solutions are of a ligbt green color. 
Tbe soluble neutral salts sligbtly redden litmus paper, and are decom- 
posed at a red beat. 

4. Hydroavlphuric acid does not precipitate acid Solutions of salts of 
nickel ; it fails also to precipitate neutral Solutions of salts of nickel witb 
tbe stronger acids, or it precipitates tbem only very imperfectly. 

5. Sidphide ofammonium produces in neutral, and hydroaulphuric add 
in alkaline Solutions of salts of protoxide of nickel, a black precipitate of 
bydrated sulphide of nickel (Ni S), wbicb is not altogetber insoluble 
in sulpbide of ammonium, especially if containing free ammonia ; tbe 
fluid from wbicb tbe precipitate bas been tbrown down exbibits 
tberefore usually a brownisb color. Sulpbide of nickel dissolves with 
great difficulty in bydrocbloric acid, but readily in nitrobydrocbloric 
acid upon application of beat. 

6. Fotaaaa and aoda produce a ligbt green precipitate of Hydrate op 
PROTOXIDE OF NICKEL (Ni 0, H 0), wbicb is insoluble in an excess of tbe 
precipitants, and unalterable in tbe air. Carbonate of ammonia dis- 
solves tbis precipitate, wben filtered and wasbed, to a greenisb-blue fluid, 
from wbicb potässa or soda reprecipitates tbe nickel as an apple-green 
bydrate of protoxide of nickel. 

7. Ammonia added in small quantity to Solutions of protoxide of 
nickel produces in tbem a trifling greenisb turbidity ; upon furtber 
addition of tbe reagent tbis redissolves readily to a blue fluid containing 
a Compound of protoxide of nickel and ammonia. Potassa and soda 
precipitate from tbis Solution bydrate of protoxide of nickel. Solutions 
containing salts of ammonia or free acid are not rendered turbid by 
ammonia. 

8. Cyomide of potassium produces a yellowisb-green precipitate of 
CYANIDE OF NICKEL (Ni Cy), wbicb rcdissolves readily in an excess of 
tbe precipitant as a double Cyanide of nickel and potassium (Ni Cy + 
K Cy) ; tbe Solution is brownisb-yellow. If sulpburic acid or bydro- 
cbloric acid is added to tbis Solution, tbe Cyanide of potassium is decom- 
posed, and tbe Cyanide of nickel reprecipitated ; tbe latter substance is 
very difficultly soluble in an excess of tbese acids in tbe cold, but more 
readily upon boiling. 

9. Carbonate o/baryta does not precipitate protoxide of nickel from its 
Solutions, upon digestion in tbe cold. 

10. Nitrite of potassa, used in conjunction witb acetic acid, fails to 
precipitate even concentrated Solutions of nickel. 

11. Borax andphosphate of soda and ammonia dissolve Compounds of 
protoxide of nickel in tbe outer flame of tbe blowpipe to clear beads ; tbe 
bead produced witb borax is violet wbilst bot, reddisb-brown wben cold ; 
tbe bead produced witb tbe pbospbate of soda and ammonia is reddisb, 
inclining to brown wbilst bot, but tums yellow or reddisb-yellowupon cool- 
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ing. The bead whicb phospbate of soda and ammonia forms with salts 
of protoxide of nickel remains unaltered in the inner flame of the blow- 
pipe, bat that formed witb borax tums gray and turbid from reduced 
metallic nickel. Upon continued exposure to the blowpipe flame the 
particles of nickel unite, but without fusing to a grain, and the bead 
becomes colorless. 

§ 108. 

d. Protoxide dp Cobalt (Co 0). 

1. Metallic cobalt is reddish-gray, slightly lustrous, pretty hard, slightly 
malleable, ductile, and difficultly fusible ; it does not oxidize in the air at 
the common temperature, and oxidizes only slowly at a red heat ; with 
acids it comports itself like nickel. 

2. Protoxide of cobalt is an olive-green, its hydrate a pale red powder. 
Both dissolve readily in hydrochloi-ic, nitric, and sulphuric acids. 

3. The salts of protoxide of cobalt, containing water of crystallization, 
are red, the anhydrous salts mostly blue. The moderately concentrated 
Solutions appear of a light red color, which they retain even though 
considerably diluted. The soluble neutral salts redden litmus paper 
slightly, and are decomposed at a red heat ; sulphate of protoxide of 
cobalt alone can bear a moderate red heat without suffering decomposi- 
tion. When a Solution of chloride of cobalt is evaporated, the light red 
color changes towards the end of the Operation to blue; addition of 
water restores the red color. 

4. Hydrosvlphuric acid does not precipitate acid Solutions of cobalt ; 
it also fails to precipitate neutral Solutions of salts of protoxide of cobalt 
with the stronger acids, or it precipitates them only very imperfectly. 

5. Sylphide of ominwnium precipitates from neutral, and hydrosvlphwric 
cbcid from alkaline Solutions of salts of protoxide of cobalt, the whole of 
the metal as black hydrated sulphide of cobalt (Co S). This substance 
is insoluble in alkalies and sulphide of ammonium, very diflScultly soluble 
in hydrochloric acid, but readily so in nitrohydrochloric acid upon appli- 
cation of heat. 

6. Potasaa and soda produce in Solutions of cobalt blüe precipitates of 
basic salts of cobalt, which tum green upon exposure to the air, owing 
to the absorption of oxygen ; upon boiling, they are converted into pale 
red hydrate of protoxide of cobalt, which contains alkali, and generally 
appears rather discolored from an admixture of sesquioxide formed in 
the process. These precipitates are insoluble in Solutions of potassa and 
soda ; but neutral carbonate of ammonia dissolvea them completely to 
intensely violet-red fluids, in which a somewhat larger proportion of 
potassa or soda produces a blue precipitate, the fluid still retaining its 
violet color. 

7. Ammonia produces the same precipitate as potassa, but this redis- 
solves in an excess of the ammonia to a reddish-brown fluid, from which 
Solution of potassa or soda throws down part of the cobalt as a blue 
basic Salt. Ammonia fails to precipitate Solutions of protoxide of cobalt 
containing salts of ammonia or free acid. 

8. Addition of Cyanide of potaaaium to a Solution of cobalt gives rise 
to the formation of a brownish-white precipitate of protocyanide dp 
cobalt (Co Cy), which dissolves readily as a double Cyanide of cobalt 
and potassium in an excess of Solution of Cyanide of potassium. Acids 
precipitate from this Solution Cyanide of cobalt. But if the Solution is 
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boiled with Cyanide of potassium in excess, in presence of free hydrocyanic 
acid (liberated by addifcion of one or two drops of hydrochloric acid), a 
double Compound of sesquicyanide of cobalt and Cyanide of potassium 
(K3, Co, Cy^ = K, Ckdy) is formed, in tlie Solution of which acids pro- 
dtbce no predpUcUe, 

9. CarboncUe of haryta does not precipitate Solution of protoxide of 
cobalt in the cold. 

10. If nitrite of potassa is added in not too small proportion to a 
Solution of protoxide of cobalt, then acetic acid to atrongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt separates, 
from concentrated Solutions immediately or very soon, from dilute Solu- 
tions afber some time, as nitrite of sesquioxide of cobalt and potassa 
(Co, O,, 3 K O, 5 N Oj, 2 H O), in form of a crystalline precipitate of a 
beautiful yellow color. The mode in which this precipitate forms may 
be Seen frojn the foUowing equation : 2 (Co O, S 0,) + 6 (K O, N O,) + 

A= K 0, A + 2 KO, SO3 + Co,0„ 3 K 0, 5 NO, + N O,. The pre- 
cipitate is only sparingly soluble in pure water, and altogether insoluble 
in saline Solutions and in alcohol. When boiled with water, it dissolves, 
though not copiously, to a red fluid, which remains clear upon cooling, 
and from which alkalies throw down hydrate of protoxide of cobalt 
{Fischer, Äug. Stromeyer). This excellent reaction enables us to dis- 
tinguish nickel from cobalt. It is always necessary to concentrate the 
Solution of protoxide of cobalt to a considerable extent before adding the 
nitrite of potassa. 

11. Borax dissolves Compounds of <!obalt both in the inner and outer 
flame of the blowpipe, giving clear beads of a magnificent blue color, 
which appear violet by candle-light, and almost black if the cobalt is 
present in considerable proportion. This test is as delicate as it is cha- 
racteristic. Phosphate of soda omd ammonia manifests with salts of 
cobalt before the blowpipe an analogous but less delicate reaction. 

§ 109. 

e. Protoxide of Iron (FeO). 

1. Metallic iron in the pure state has a light whitish gray color (iron 
containing carbon is more or less gray) ; the metal is hard, lustrous, 
nialleable, ductile, exceedingly difficult to fuse, and is attracted by the 
magnet. In contact with air and moisture a coating of rust (hydrate of 
sesquioxide of iron) forms on its surface ; upon ignition in the air, a 
coating of black protosesquioxide. Hydrochloric acid and dilute sulphuric 
acid dissolve iron, with evolution of hydrogen gas ; if the iron contains 
carbon, the hydrogen is mixed with carbide of hydrogen. The Solu- 
tions contain protoxide. Dilute nitric acid dissolves iron in the cold 
to nitrate of protoxide, with evolution of nitrous oxide ; at a high tem- 
perature, to nitrate of sesquioxide, with evolution of nitric oxide ; if 
the iron conta-ins carbon, some carbonic acid is also evolved, and there 
is lefb undiss()lved a brown substance resembling humus, which is soluble 
in alkalies. 

2. Protoxide of iron is a black j^owder ; its hydrate is a white 
powder, which in the moist state absorbs oxygen and speedily acquires a 
grayish-green, and ultimately a brownish-red color. Both the protoxide 
and its hydrate are readily dissolved by hydi'ochloric, sulphuric, and 
nitric acids. 
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3. The salts of protoxide of iron have in the anhydrous state a white, 
in the hydrated State a greenish color ; their Solutions appear colored 
only when concentrated. Exposed to the air, they absorb oxygen and 
are oonverted into salts of the protosesquioxide. The soluble neutral 
salts redden litmus paper, and are decomposed at a red heat. 

4. Acid Solutions of salts of protoxide of iron are not precipitated by 
hydrostUphuric add; neutral Solutions of salts of protoxide of iron with 
weak acids are precipitated by this reagent at the most but very in- 
completely ; the precipitates are of a black color. 

Ö, Sylphide of ammonium precipitates from neutral, and hydrosul- 
phuric acid from alkaline Solutions of salts of protoxide of iron, the 
whole of the metal as black hydrated protosulphide dp iron (Fe S), 
which is insoluble in alkalies and sulphides of the alkali metals, but 
dissolves readily in hydrochloric and nitric acids : this black precipi- 
tate tums reddish-brown in the air by oxidation. To highly dilute 
Solutions of protoxide of iron, addition of sulphide of animonium imparts 
a green color, and it is only after some time that the protosulphide of 
iron separates as a black precipitate. 

6. Potasaa and ammonia produce a precipitate of hydrate of prot- 
oxide OP IRON (Fe 0, H O), which in the first moment looks almost 
white, but acquires after a very short time a dirty green, and ultimately 
a reddish-brown color, owing to absorption of oxygen from the air. Pre- 
sence of salts of ammonia prevents the pjrecipitation by potassa partly, 
and that by ammonia altogether. If alkaline Solutions of protoxide of 
iron thus obtained by the agency of salts of ammonia are exposed to the 
air, hydrate of sesquioxide of iron precipitates. 

7. Ferrocyanide of potassiwm, produces in Solutions of protoxide of 
iron a bluish-white precipitate of perrocyanide of potassium and iron 
(K, Fe,, Cfy^), which, by absorption of oxygen from the air, speedily 
acquires a bluo color. Nitric acid or chlorine converts it immediately 
into Prussian blue, 3 (K, Fe,, Cfy,) + 4 Cl = 3 K Gl + Fe Cl + 2 (Fe^ Cfyj. 

8. ^erricyanide ofpotaasiwm produces a magnificently blue precipitate 
of FERRiCYANiDE OF IRON (Fe Cfdy). This precipitate does not differ in 
color from Prussian blue. It is insoluble in hydrochloric acid, but is 
readily decomposed by potassa. In highly dilute Solutions of salts of 
protoxide of iron the reagent produces simply a deep blue-green 
coloration. 

9. Svlphocyanide of potassium does not alter Solutions of protoxide 
of iron free from sesquioxide. 

10. Carhonate of haryta does not precipitate Solutions of protoxide of 
iron in the cold. 

11. Borax dissolves salts of protoxide of iron in the ooddizing flame, 
giving beads varying in color from yellow to dark red ; when cold, 
the beads vary from colorless to dark yellow. In the inner flame the 
beads change to bottle-green, owing to the reduction of the newly-formed 
sesquioxide to protosesquioxide. Phosphate ofsoda and a/imnonia mani- 
fests a similar deportment with the salts of protoxide of ir5n ; the beads 
produced with this reagent lose their color upon cooling still more com- 
pletely than is the case with those produced with borax ; the signs of 
the ensuing reduction in the reducing flame are also less marked. 
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§ 110. 
/ Sesquioxide op Iron (Fe, O,). 

1. The native crystallized sesquioxide of iron is steel-gray ; the 
native as well as the artificially prepared sesquioxide of irou gives upon 
trituration a brownish-red powder ; the color of hydrate of sesquioxide 
of iron is more inclined to reddish-brown. Both the sesquioxide and 
its hydrate dissolve in hydrochloric, nitric, and sulphuric acids; the 
hydrate dissolves readily in these acids, but the anhydrous sesquioxide 
dissolves with greater difficulty, and completely only after long exposure 
to heat. 

2. The neutral anhydrous salts of sesquioxide of iron are nearly white ; 
the basic salts are yellow or reddish-brown. The color of the Solution is 
brownish-yellow, andbecomes reddish-yeUow upon the application of heat. 
The soluble neutral salts redden litmus paper, and are decomposed by heat. 

3. Hydrosulphwiric acid produces in neutral and acid Solutions of salts 
of sesquioxide of iron a milky white turbidity, proceeding from separated 
SULPHUJEL This reaction is caused by a mutual decomposition of the 
sesquioxide of iron and the hydrosulphuric acid, in which the former is 
deprived of one-third of its oxygen, and thus reduced to the State of 
protoxide ; the oxygen forms water with the hydrogen of the hydro- 
sUlphuric acid, and the liberated sulphur separates. Solution of hydro- 
sulphuric acid, rapidly added to neutral Solutions, imparts to the fluid 
a ti*ansitory blackening. In Solution of neutral acetate of sesquioxide 
of iron it produces a permanent precipitate of sulphide of iron. 

4. Sylphide ofammonium precipitates from neutral, and hydrosulphuric 
acid from alkaline Solutions of salts of sesquioxide of iron, the whole of 
the metal as black hydi-ated protosulphide of iron (Fe S). This pre- 
cipitation is preceded by the reduction of the sesquioxide to protoxide. In 
very dilute Solutions the reagent produces only a blackish-green colora- 
tion. The minutely divided protosulphide of iron subsides in such cases 
only after long standing. Protosulphide of iron, as already stated 
(§ 109, 5), is insoluble in alkalies and alkaline sulphides, but dissolves 
readily in hydrochloric and nitric acids. 

5. Potasaa and ammonia produce bulky reddish-brown precipitates of 
HYDRATE OF SESQUIOXIDE OF IRON (F, 0,, H 0), which are insoluble in 
an excess of the precipitant as well as in salts of ammonia. In presence 
of sesquioxide of chromium, an excess of Solution of potassaor ammonia 
will dissolve part of the sesquioxide of iron along with the sesquioxide 
of chromium. Generally, however, a portion of both oxides remains undis- 
solved ; and, moreover, the dissolved oxides speedily separate again from 
the Solution. 

6. Ferrocyanide of potassium produces even in highly dilute Solutions 
a magnificently blue precipitate of ferrocyanide of iron, or Prussian 
blue (Fe^ CfyJ, which is insoluble in hydrochloric acid, but is decom- 
posed by potassa, with Separation of hydrate of sesquioxide of iron. 

7. Ferricyanide of potassium deepens the color of Solutions of salts of 
sesquioxide of iron to reddish-brown ; but it falls to produce a precipitate. 

8. Svlphocyanide of potassium imparts to neutral or slightly acid sohi- 
tions of salts of sesquioxide of iron a most intense blood-red color, 
arising from the formation of a soluble sülphocyanide of iron. Addi- 
tion of acetate of soda destroys this color, hydrochloric acid restores it 
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again. Tbis test is the most delicate of all ; it will indicate the presence 
of sesquioxide of iron even in fluids which are so highly dilute that every 
other reagent fails to produce the slightest visible alteration. The red 
coloration may in such cases be detected most distinctly by resting 
the test-tube upon a sheet of white paper, and looking through it from 
the top. 

9. Carhonate of haryta precipitates even in the cold all the iron as a 
basic salt mixed with hydrate of sesquioxide. 

10. The reactions before the blotopipe are the same as with the prot- 
oxide. 

§111. 

Recapitvlation and remarks, — On observing the behavior of the 
Oxides of the fourth group with Solution of potassa, it would appear that 
the Separation of the oxide of zinc, which is soluble in an excess of tbis 
reagent, might be readily effected by its means ; however, in the actual 
experiment, we find that in the presence of sesquioxide of iron, protoxide 
of cobalt, <fec., some of the oxide of zinc precipitates with these oxides ; 
and if only a small quantity of oxide of zinc is present, it frequently 
occurs that no trace of this nietal can be detected in the alkaline 
filtrate. 

Again, from the behavior of the different oxides with chloride of 
ammouium and an excess of ammonia, one would conclude that the Sepa- 
ration of sesquioxide of iron from the protoxides of cobalt, nickel, and 
manganese, and from oxide of zinc, might be readily effected by these 
agents. But this method also applied to the mixed oxides, is inaccurate, 
since greater or smaller portions of the other oxides will always preci- 
pitate with the sesquioxide of iron ; and it may therefore happen that, 
in this process, small quantities of cobalt, manganese, kc, altogether 
escape detection. 

It is fai' safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case the 
iron is precipitated free from oxide of zinc and protoxides of manganese 
and nickel, and mixed only with a very trifling quantity of protoidde of 
cobalt. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel and from oxide of zinc, by treating the pre- 
cipitated sulphides with moderately dilute acetic acid, which dissolves the 
sülphide of manganese, leaving the other sulphides unacted on. If the 
acetic acid Solution is now mixed with Solution of potassa, the least trace 
of a precipitate will be sufficient to recognise the manganese before the 
blowpipe with carbonate of soda. 

If the sulphides left undissolved by acetic acid are now treated with 
very dilute hydrochloric acid, the sülphide of zinc dissolves, leaving 
almost the whole of the sulphides of cobalt and nickel behind. If the 
fluid is then boiled, to expel the hydrosulphuric acid, and afterwards 
treated with Solution of potassa or soda in excess, the zinc is sure to be 
detected in the filtrate by hydrosulphuric acid. 

Cobalt may mostly be readily and safely detected in presence of nickel 
by the reaction with borax in tbe inner flame of the blowpipe. The 
detection of nickel in presence of cobalt is a less easy task, which may, 
however, be effected with great accuracy by three different methods. The 
ßrst method is to add to the Solution containing the two metals nitrate of 
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potassa in not too small proportion, then acetic acid to strongly acid 
reaction, and to let the mixture stand for at least several hours in a 
moderately warm place, when the cobalt will separate as nitrate of sesqui- 
oxide of cobalt and potassa ; the nickel may then be readily precipitated 
from the filtrabe by soda or sulphide of ammonium. The aecond method is 
to saturate with chlorine the very dilute Solution of the two metals in 
hydrochloric acid, having the acid slightly in excess ; add carbonate of 
baryta in excess, and let the fluid stand twenty-four hours. The cobalt is 
entirely precipitated in this process as black sesquioxide, whilst the 
nickel remains in Solution, and may, after the removal of the baryta by 
sulphuric acid, be thrown down with Solution of soda. The third method 
is based upon the application of Cyanide of potassium. Both Cyanide of 
nickel and Cyanide of cobalt dissolve in Cyanide of potassium ; but Cyanide 
of nickel is precipitated from this Solution by acids, whilst Cyanide of 
cobalt is not precipitated if the Solution coutains free hydrocyanic acid« 
and has been exposed to the action of heat.* This reaction, i. e., the 
formation of a precipitate upon adding hydrochloric acid or dilute sul- 
phuric acid to the Solution of the two cyanides in Cyanide of potassium, 
prepared under the conditions stated, indicates the presence of nickel. 
Whether the precipitate be Cyanide of nickel or cobalticyanide of nickel, 
is quite immaterial as far as the detection of nickel is concerned ; all we 
have to bear in mind is simply this, that no precipitate will form if 
cobalt alone is present in the Solution, since cobalticyanide of potassium 
is not decomposed by hydrochloric acid. In order to get at the compo- 
sition of the various precipitates which are formed by hydrochloric acid 
in Solutions of the mixed cyanides of nickel and cobalt, and to com- 
prehend the general process of their formation, we have to assume and 
coDsider three special and distinct cases, differing from one another in the 
relative proportions of nickel and cobalt which the Solutions under ex- 
amination respectively contain. 

1, Ni : Co :: 3 eq. : 2 eq. 

2, Ni : Co :: 3 eq. : 2 eq. + x 

3, Ni : Co : : 3 eq. + x : 2 eq. 

The Solution will accordingly, in the first case, contain one eq. of cobal- 
ticyanide of potassium (K,,, Co^ Cy,,) and 3 eq. of double Cyanide of 
nickel and potassium 3 (Ni Cy, K Cy) ; now upon the addition of 
hydrochloric acid in excess to this Solution, the double Cyanide of nickel 
and potassium suflers decomposition, and the potassium of the cobalti- 
cyanide of potassium transposes with the nickel of the Cyanide of 
nickel : the products of this process of double decomposition and transpo- 
sition are chloride of potassium, hydrocyanic acid, and cobalticyanide of 
nickel (Ni^, Co, Cy^), which latter separates in the form of a dirty-green 
precipitate containing the wliole of the nickel and cobalt present in the 
«olution. In the second case we obtain equally a precipitate of cobalti- 
cyanide of nickel ; but this precipitate, though containing the whole of 
the nickel, does not contain cdl the cobalt of the Solution, since the excess 
of cobalticyanide of potassium is not decomposed. In the third case, 
lastly, we obtain a precipitate of cobalticyanide of nickel, which contains 

* In thiB process the double Cyanide ofcobalt and potassium (K Cy, Co Cy), which forms 
at first, is cunverted by the aid of the free hydrocyanic acid and the excess of Cyanide of 
potassium, into cobalticyanide of potassium (K,, Co, Cy^) : 2 (Co Cy, K Cy) + K Cy + 
pCj=(K„Co,Cy,) + H. 



92 SEsquioxiDE of uranium. [§ 112. 

the wkcle of the cohcdt and a portion of the nicket, mixed with insolnble 
Cyanide of nickel, which contains tbe rest of the nickel. The cobalti- 
Cyanide of nickel has been fonned here in the same manner as in the 
first case, whilst the Cyanide of nickel owes its formation to the decom- 
Position of the excesa of the double Cyanide of nickel and potassium. 
Hence it is evident that the presence of nickel is indispensable to the 
formation of a precipitate, and consequently that the production of a 
precipitate is the most positive proof of the presence of this metal. 

Protoxide and sesquioxide of iron may be detected in presence of each 
other, by testing for the foimer with ferricyanide of potassium, for the 
latter with ferrocyanide of potassium or^ better still, with sulphocyanide 
of potassium. 

In conclusion, it is necessary to mention that alkalies fail to preci- 
pitate the Oxides of the fourth group in presence of non-volatile organio 
substances (such as sugar, tartaric acid, <bc.). We have already seen 
that the same applies to alumina. 

§112. 
supplement to the fourth group. 
Sesquioxide of Uranium (TJj O J. 

Sesquioxide of uranium is brick-red, the hydrate is of a yellow color. 
TJpon ignition both are couvertedinto the dark blackish-green protosesqui- 
oxide. The Solutions of sesquioxide of uranium in aeids are yellow ; hydro- 
sidphuric acid does not alter them ; sulphide of ammonium throws 
down after neutralization of the free acid, a dark brown precipitate of 
sulphide of uranium, which subsides slowly, and is readily soluble 
in acids, even in acetic acid, but does not dissolve in an excess of the 
precipitant. Aiiimonia, potassa, and soda produce yellow precipitates of 
sesquioxide of uranium and alkali, insoluble in excess of the precipitants. 
Carbonate of ammouia produces a yellow precipitate of carbonate of ses- 
quioxide of uranium and ammonia, which disaolvea readily in an excess 
of tJie precipitant, Potassa and soda throw down from the Solution the 
whole of the sesquioxide of uranium. Carbonate of baryta completely 
precipitates Solutions of sesquioxide of uranium, even in the cold. Ferro- 
cyanide of potassium produces a reddish-brown precipitate : this is a very 
delicate test for uranium. Borax and phosphate of soda and ammonia 
give with sesquioxide of uranium in the inner flame of the blowpipe 
green beads, in the outer flame yellow beads, which upon cooling acquire 
a yellowish-green tint. 

To separate sesquioxide of uranium from thef other oxides of the fourth 
group, and from alumina, precipitate first with carbonate of baryta, 
which throws down the sesquioxide of iron, the sesquioxide of uranium, 
and the alumina, leaving the other oxides in Solution. Dissolve thd 
precipitate in hydrochloric acid, remove the baryta from the Solution by 
means of sulphuric acid, filter, and add ammonia to the filtrate until a 
pi-ecipitate begins to form ; add now a sufficient quantity of carbonate 
of ammonia, which has previously been once boiled, to destroy any 
bicarbonate of ammonia it may contain. Dilute with water and 
filter off the precipitate, which contains the whole of the sesquioxide 
of iron and alumina, the filtrate containing all the sesquioxide of 
uranium. 
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§ 113. 
pifth group. 

Oxide op Silver, Süboxide of Mercury, Oxide op - Meroüry, 
Oxide op Lead, Teroxide op Bismuth, Oxide op Copper, Oxide 
OF Cadmium. 

Properties o/tkegroup, — The sulphides corresponding to the oxides of 
this group are insoluble both in dilute acids and in alkaline sulphides.* 
The Solutions of these oxides are therefore completely precipitated by 
hydrosulphuric acid, no matter whether their reaction be neutral, alka- 
line, or acid. 

For the sake of greater cleamess and simplicity, we divide the oxides 
of this group into two divisions, and distinguish, 

1. Oxides precipitable by hydrochloric acid, viz. : oxide of silver, 
süboxide of mercury, oxide of lead. 

2. Oxides not precipitable by hydrochloric acid, viz. : oxide of 
mercury, oxide of copper, teroxide of bismuth, oxide of cadmium. 

Lead must be considered in both divisions, since the sparing solubility 
of its Chloride might lead to confounding its oxide with süboxide of 
mercury and oxide of silver, without affording us, on the other band, 
any means of eSecting its perfect Separation from the oxides of the second 
division. 

FIRST DIVISION OP THE FIPTH GROUP : OXIDES WHIGH ARE PRECIPITATED 

BY HYDROCHLORIC ACID. 

Special Reactions. 

§ 114. 
a. Oxide op Silver (Ag 0). 

1. Metallic silver is white, very lustrous, moderately hard, highly 
malleable, ductile, rather diflScultly fusible. It is not oxidized by ignition 
in the air. Nitric acid dissolves silver readily ; the metal is insoluble in 
dilute sulphuric acid and in hydrochloric acid. 

2. Oxide of silver is a grayish-brown powder ; it is not altogether inso- 
luble in water, and dissolves readily in dilute nitric acid. It forms no 
hydrate. It is decomposed by heat into metallic silver and oxygen gas. 

3. The salts of oxide of silver are non-volatile and colorless ; most of 
them acquire a black tint upon exposure to light. The soluble neutral 
salts do not alter vegetable colors, and are decomposed at a red heat. 

4. Hydroavlphwric acid and avlphide of ammonium precipitate from 
Solutions of salts of silver black sulphide op silver (Ag S), which is 
insoluble in dilute acids, alkalies, alkaline sulphides, and Cyanide of 
potassium. Boiling nitric acid decomposes and dissolves this precipitate 
readily, with Separation of sulphur. 

5. Potassa and soda precipitate from Solutions of salts of silver the 
oxide of this metal in the form of a light brown powder, which is in- 
soluble in an excess of the precipitant, but dissolves readily in am- 
luonia. 

* Consnlt, however, the paragraplis on oxide of copper and süboxide and oxide of mer- 
cury, as the latter remark appUes only partially to them. 
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6. Ammonia, when added in very small quantity to neutral Solu- 
tions of oxide of silver, throws down the oxide as a brown precipitate» 
which readily redissolves in an excests of ammonia. Acid Solutions of 
ßilver are not precipitated. 

7. HydrochLoric acid and sclvble metallic chlorides produce in solutioos 
of salts of silver a white, curdy precipitate of chlobide of silvsb 
(Ag Ol). In very dilute Solutions these reagents impart simply a bluish- 
white opalescent appearance to the fluid. By the action of light 
Chloride of silver first acquires a violet tint, and ultimately tums black ; 
it is insoluble in nitric acid, but dissolves readily in ammonia as am- 
monio-chloride of silver, from which double Compound the chloride of 
silver is again separated by acids. Concentrated hydrochloric acid and 
concentrated Solutions of chlorides of the alkali metab dissolve some 
chloride of silver, more particularly upon application of heat ; but the 
disdolved chloride separates again upon dilution. TJpon exposure to heat, 
chloride of silver fuses without decomposition, giving upon cooling a 
transparent homy mass. 

8. If Compounds of silver, mixed with carbonate qfsoda, are exposed on 
a charcoal support to the inner flame of the blowpipe, white, brilliant, 
DUCTiLE METALLIC 6L0BULES are obtained, unattended with incrustation 
of the charcoal . 

§ 115. 

b, SüBOXiDE op Mercury (Hg, O). 

1. Metallic mercury is grayish-white, lustrous, fluid at the common tem- 
perature ; it solidifies at - 4ü°, and boils at 680® Fah . It is insoluble in 
hydrochloric acid ; in dilute cold nitric acid it dissolves to nitrate of sub- 
oxide, in more concentrated bot nitric acid to nitrate of oxide of mercmy. 

2. Suboxide of mercury is a black powder which is readily soluble in 
nitric acid, and is decomposed by the action of heat, the mercury vola- 
tilizing in the metallic State. It forms no hydrate. 

3. The salts of suboxide of mercury volatilize upon iguition ; most 
of them sufler decomposition in this process. Subchloride and sub- 
bromide of mercury volatilize unaltered. Most of the salts of suboxide 
of mercury are colorless. The soluble salts in the neutral state redden 
litmus paper. Nitrate of suboxide of mercury is decomposed by addi- 
tion of much water into an insoluble basic and soluble acid salt. 

4. Hydrosulphu/ric acid and sulphide of a^nmonium produce black 
precipitates of sübsülphide op mercury (Hg, S), which are insoluble in 
dilute acids, sulphide of ammonium, and Cyanide of potassium. Proto- 
sulphide ofsodium dissolves this subsulphide to sulphide, with Separation 
of metallic mercury. Bbulphide of sodium dissolves the subsulphide to 
sulphide, without Separation of metallic mercury. Subsulphide of mer- 
cury is readily decomposed and dissolved by nitrohydrochloric acid, but 
not by boiling concentrated nitric acids. 

5. Poto^^a and ommoma produce in Solutions of salts of suboxide of 
mercury black precipitates, which are insoluble in an excess of the 
precipitants. The precipitates produced by potassa consist of sub- 
oxide OP MERCURY ; whilst those produced by ammonia consist of a 

BASIC DOUBLE SALT OP SÜBOXIDE OP MERCURY AND AMMONIA, 6. g, 

(NH.,NO. + 2Hg,0). 

6. Hydrochloric acid and soluble metallic chlorides precipitate from 
Solutions of salts of suboxide of mercury subchloride op hebcury 
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(Hg, Cl), as a fine powder of dazzling whiteneas. Cold hydrochloric 
flcid and cold nitric acid fall to dissolve this precipitate ; it dissolves, 
however, although very difiicultly and slowly, upon long protracted boil- 
ing with these acids, being resolved bj bydrochloric acid into cbloride 
of mercury and metallic mercury, whicb separates ; and converted by 
nitric acid into chloride of mercury and nitrate of oxide of mercury. 
Nitrohydrochloric acid and cblorine water dissolve the subchloride of 
mei-cury readily, Converting it into chloride. Ammonia and potassa 
decompose the subchloride of mercury, and separate black suboxide 
from it. 

7 . If a drop of a neutral or slightly acid Solution of suboxide of mer- 
cury iB put on a clean and s^nooth surface ofcopper, and washed off after 
some time, the spot will after wards, on being gently rubbed with cloth, 
paper, &c., appear white and lüstrous like silver. The application of a 
gentle heat to the copper causes the metallic mercury precipitated on its 
surface to volatilize, and thus removes the silvering. 

8. Frotochloride of tin produces in Solutions of suboxide of mercury a 
gray precipitate of metallic mercury, which may be united into glo- 
bules by boiling the metallic deposit, after decanting the fluid, with 
hydrochloric acid. 

9. If an intimate mixture of an anhydrous Compound of mercury 
with anhydrous carhonate of soda \s introduced into a drawn-out glass 
tube, and covered with a layer of carbonate of soda, and the tube is then 
heated before the blowpipe, the mercurial Compound invariably under- 
goes decomposition, and metallic mercury separates, forming a coat of 
gray Sublimate above the heated part of the tube. The minute particles 
of mercury may be united into larger globules by rubbing this coating 
with a glass rod. 

§ 116. 

c. Oxide of Lead (PbO). 

1. Metallic lead is bluish-gray; its surface recently cut exhibits a 
metallic lustre ; it is soft, malleable, readily fusible. Fused upon charcoal 
before the blowpipe, it forms a coating of yellow oxide on the charcoal. 
Hydrochloric acid and moderately concentrated sulphuric acid act upon 
it but little, even with the aid of heat ; but dilute nitric acid dissolves it 
readily, more particularly on heating. 

2. Oxide of lead is a yellow or reddish-yellow powder,* which upon 
exposure to a red heat fusesto a vitreous mass. Hydrated oxide of lead 
is white. Both the oxide and its hydrate dissolve readily in nitric and 
acetic acids. 

3. The salts of oxide of lead are non-volatile ; moat of them are 
colorless ; the neutral soluble salts redden litmus paper, and are de- 
composed at a red heat. 

4. Hydroaulphuric acid and sulphide of ammonium produce in Solu- 
tions of salts of lead black precipitates of sulphide of lead (Pb S), which 
are insoluble in cold dilute acids, in alkalies, alkaline sulphides, and 
Cyanide of potassium. Sulphide of lead is decomposed by boiling con- 
centrated nitric acid ; the whole of the lead is first converted into nitrate 
of lead, and the greater part of the sulphur separates, whilst another 
portion is converted into sulphuric acid. The sulphuric acid thus 

* While hot, the oxide of lead appears red. 
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formed decomposes a portion of the nitrate of lead, and forms witli the 
liberated oxide sulphate of lead, which precipitates as a white powder ; tbb 
deposit in the Solution consists therefore of amixture of sulphate of lead 
and sulphur. In Solutions of salts of lead containing an excess of a concen- 
trated miueral acid, hydrosulphuric acid produces a precipitate onlj 
after the addition of water or afber neutralization of the free acid by 
an alkalL If a Solution of lead is precipitated by hydrosulphuric add, 
in presence of a large quantity of free hydrochloric acid, a red precipi- 
tate is formed, consistmg of chloride and sulphide of lead, which, how- 
ever, is converted by an excess of hydrosulphuric acid into black sulphide 
of lead. 

5. Fotaasa and €mmonia throw down basic sai/ts of lead in the 
form of white precipitates, which are insoluble in ammonia, and diffi- 
cultly soluble in potassa. In Solutions of acetate of lead ammonia does not 
immediately produce a precipitate, owing to the formation of a soluble 
triacetate of lead. 

6. CcMrbonate of soda throws down from Solutions of salts of lead a 
white precipitate of basig cabbonatb op lead \e, g, 5 (Pb O, C O,) + 
Pb O, H O], which is insoluble in an excess of the precipitant and also 
in Cyanide of potassium. 

7. Hydrochloric acid and soluble cMorides produce in concentrated 
Solutions of salts of lead heavy, white precipitates of chloride of lead 
(Pb Cl), which are soluble in a large amount of water, especially upon 
application of heat. This chloride of lead is converted by ammonia 
into basic chloride of lead (Pb Cl, 3 Pb O + H 0), which is also a white 
powder, but almost absolutely insoluble in water. In dilute nitric 
and hydrochloric acids, chloride of lead is more difficultly soluble than 
in water. 

8. Sulphuric acid and sulphates produce in Solutions of salts of lead 
white precipitates of sulphate of lead (Pb 0, S O,), which are nearly 
insoluble in water and dilute acids. From dilute Solutions, especially 
from such as contain much free acid, the sulphate of lead precipitates 
only afber some, frequently afber a long time. It is advisable imder all cir- 
cumstances to add a considerable eocceifs of dilute sulphuric acid, since 
sulphate of lead is more insoluble in this menstruum than in water. The 
Separation of small quantities of sulphate of lead is best effected by eva- 
porating, afber the addition of the sulphuric acid, as far as practicable 
on the water-bath, and then treating the residue with water. Sulphate 
of lead is slightly soluble in concentrated nitric acid ; it dissolves with 
difficulty in boiling concentrated hydrochloric acid, but more readily in 
Solution of potassa. It dissolves also pretty readily in the Solutions 
of some of the salts of ammonia, particularly in Solution of acetate 
of ammonia ; dilute sulphuric acid precipitates it again from these 
Solutions. 

9. Ch/romate of potassa produces in Solutions of salt of lead a yellow 
precipitate of Chromate of lead (Pb O, Cr O,), which is readily soluble 
in potassa, but difficultly so in dilute nitric acid. 

10. If a mixture of a Compound of lead with carhonale of soda is ex- 
posed on a charcoal support to the reducing ßame of the hlovapipe, soft, 
malleable metallic globüles of lead are readily produced, the charcoal 
becoming covered at the same time with a slight yellow incrustation of 

OXIDE OF LEAD. 
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§ 117. 

ReccupUuUUion and remarks. — The metallic oxides of the first division 
of the fifth group are most distinctlj characterized in their correspondiDg 
Chlorides ; since the different respective deportment of these Chlorides 
"with water and ammonia affords us a simple means both of detecting 
them and effecting their Separation from one another. For if the pre- 
dpitate containing the three metallic Chlorides is boiled with a some- 
what large quantity of water, or boiling water is repeatedly poured over 
it on the filter, the chloride of lead dissolves, whilst the chloride of silver 
and the subchloride of mercary remain undissolved. If these two 
Chlorides are then treated with ammonia, the subchloride of mercury is 
converted into a bkck basic salt, insoluble in an excess of the ammonia ; 
whilst the chloride of silver dissolves readily in that agent, and precipi- 
tates from this Solution again upon addition of nitric acid. When 
operating upon small quantities, it is advisable first to expel the greater 
part of the ammonia by heat. In the aqueous Solution of chloride of 
lead the metal may be readily detected by sulphuric acid. 

SECOND DIVISION OF THE FIPTH GROUP: OXIDES WHICH ARE NOT 

PRECIPITATED BY HYDROCHLORIC ACID. 

Special Reactions, 

§ 118. 
a. Oxide of Mercury (Hg 0). 

1. Oxide of mercury is generally crystalline, and has a bright red 
color, which upon reduction to powder changes to a pale yellowish-red ; 
the oxide precipitated from Solutions of the nitrate of the oxide, or from 
Solutions of the chloride, forms a yellow powder. Upon exposure to 
heat it transieutly acquires a deeper tint; at a dull red heat it is 
resolved into metallic mercury and oxygen. Both the crystalline and 
non-crystalline oxide dissolve readily in hydrochloric and nitric acids. 

2. The salts of oxide of mercury volatilize upon ignition ; they suffer 
decomposition in this process ; chloride, bromide, and iodide of mercury 
volatilize unaltered. Most of the salts of oxide of mercury are color- 
less. The soluble neutral salts redden litmus paper. The nitrate and 
sulphate of oxide of mercury are decomposed by water added in large 
quantity, into soluble acid and insoluble basic salts. 

3. Addition of a very small quantity of hydrostdphuric add or sul- 
phide of ammoniv/m produces in Solutions of oxide of mercury, afber 
shaking, a perfectly white precipitate. Addition of a somewhat larger 
quantity of these reagents causes the precipitate to acquire a yellow, 
orange, or brownish-red color, according to the less or greater proportion 
added ; an excess of the precipitant produces a purely black precipitate 
of SULPHIDE OF MERCURY (Hg S). This progressive Variation of color 
from white to black, which depends on the proportion of the hydrosulphuric 
acid or sulphide of ammonium added, distinguishes the oxide of mercury 
from all other bodies. The white precipitate which forms at first con- 
sists of a double Compound of sulphide of mercury with the still unde- 
composed portion of the salt of oxide of mercury (in a Solution of 
chloride of mercury, for instance. Hg Gl + 2 Hg S) ; the gradually in- 

I. H 
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creasing admixture of black solphide causes the precipitate to pass 
through the several gradations of color above mentioned. Sol- 
phide of mercary ib not dissolyed bj sulphide of ammonium, nor by 
potasMi or Cyanide of potassium ; it is altogether insolnble in hydro>- 
chloric acid and in nitric acid, even upon boiling. It dissolvee com" 
pletely in solphide of potaasioni, and is readüy deoomposed and diflsolved 
by nitrohydrochloric acid. 

4. FotasBa, added in small qoantity, prodoces in neutral or slightiy 
acid Solutions of oxide of mercary a reddish-brown precipitate, which 
acquires a yellow tint if the reagent is added in excess. The reddith- 
browH precipitate is a basic saJjT; the yeÜaw precipitate consists of 
OXIDE OF MEBOüKT. An excess of the prectpitant does not redissolTd 
these precipitates. In very add Solutions this reaction does not take 
place at all, or at least the precipitation is vety incomplete. In presence 
of salts of ammonia, potassa pnxluces in Solutions of salts of oxide of 
mercury, instead of roddish-brown or y^ow, white precipitates» The 
precipitate thrown down by poitassa from a Solution of Chloride of mer- 
cury containing an excess of chloride of amm(M)iuin is of analogous 
composition to the precipitate produced by ammonia (see 5). 

6, Ammonia produces in Solutions of salts of oxide of mercury white 
precipitates quite analogous to those produced by potassa in presence of 
chloride of ammonium ; thus, for instance, ammonia precipitates from 
Solutions of chloride of mercury a double Compound of chloride of mer- 
cury and amide of mercury (Hg Cl + Hg N HJ. 

6. Protochloride of tin, added in small quantity to salts of oxide of 
mercury, reduces the oxide to suboxide, thus giving lise to the formation 
of a white precipitate of subchlobide of merourt (Hg, Cl) ; but if 
added in exceds, this reagent deprives the mercury completely of the 
oxygen and acid, or of the salt-radical, and throws it down in the metallic 
State, the same as in the case of the suboxide of mercury. The pre- 
cipitate, which was white at first, acquires therefore now a gray tint, and 
may be readily united into globules of metallic mercury by boiling 
with hydrochloric acid. 

7. The salts of oxide of mercury present the same deportment as the 
salts of the suboxide, both with metallic copper and when heated toge- 
ther with ccMrboncUe o/soda in a glass tube before the blowpipe. 

§ 119. 
6. Oxide dp Copper (Cu 0). 

1. Metallic copper has a peculiar red color, and a streng lustre ; it is 
moderately hard, malleable, doctile, rather diificultly fusible ; in contact 
with water and air it becomes covered with a green crust of basic car- 
bonate of oxide of copper ; upon ignition in the air it becomes ooated 
over with black oxide. In hydrochloric acid and dilute sulphuric acid 
it is insoluble or nearly so, even upon boiling. Nitric acid dissolves 
the metal readily. Concentrated soüphuric acid converts it into sulphate 
of oxide of copper, with evolution of sulphurous acid. 

2. Suboxide of copper is red, its hydrate yellow; both change to 
oxide upon ignition in the air. On treating the suboxide with dilute 
sulphurio acid, metallic copper separates, whilst sulphate of oxide of 
copper dis6<dveB ; on treating suboxide of copper with hydrochloric acid, 
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white sabchloride of copper is foimed, whicli dissolves in an excess of 
the aoid, bat is reprecipitated from this Solution by water. 

3. Oxide of copper is a black, fixed powder ; its hydrate (Cu 0, H 0) 
is of a ligbt hLue color. BoUi the oxide of copper and its hydrate 
diasolye readily in hydroohloric, solphuric, and nitric acids. 

4. Most of the neutral salts of oxide of copper are soluble in water ; 
the soluble sah» redden litmus, and suffer decomposition when heated to 
gentle redness^ with the exception of the sulphate, which can bear a 
somewhat higher temperature. They are usually white in the anhydrous 
State; the hydrated salts are usually of a blue, or green color, which 
their Solutions eontinue to exhibit even when much düuted. 

5. JBftfdrosulphuric add and nUphide of cmmumium produce in alka- 
line, neutral, and acid Solutions of salts of oxide of copper, brownish- 
blaok precipitates of sulphide of ooppeb (Cu S). This sulphide is 
insolable in dilute acids and caustic alkalies. Hot Solutions of sulphide 
of potassium and sulphide of sodium fail also to dissolve it or dissolve 
it only to a very triflmg extent; but it is a little more soluble in sul- 
phide of ammonium. The latter reagent is therefore not adapted to 
eSect the perfect Separation of sulphide of copper from other metallio 
sulphides. Sulphide of copper is readily decomposed and dissolved by 
boiling ooncentrated nitric acid ; it dissolves completely in Solution of 
Cyanide of potassium. In Solutions of salts of copper which coiitain an 
excess of a concentrated mineral acid, hydrosulphuric acid produces a 
precipitate only afber the addition of water. 

6. Fotagaa or soda produces in Solutions of salts of oxide of copper a 
light blue, bulky precipitate of hydrate dp oxide op copper (Cu O, 
H O). If the Solution is highly concentrated, and tbe potassa added in 
excess, the precipitate tums blaok afber the lapse of some time, and loses 
its bulkinesä, even in the cold ; but the change takes place immediately 
if the precipitate is boiled with the fluid in which it is suspended (and 
which must, if necessary, be diluted for the purpose). In this process 
the (Cu O, H 0) hydrated oxide is converted into the (3 Cu 0, H O) 
liydrated oxide. 

7. CcMrhoncUe ofsoda produces in Solutions of salts of oxide of copper a 
greenish-blue precipitate of hydrated basic carbonate of copper 
(Cu O, C O, + Cu O, H 0), which upon boiling changes to brownish-black 
oxide of copper, and dissolves in ammonia to an azure-blue, and in Cyanide 
of potassium to a brownish fluid. 

8. Ammania added in small quantity to Solutions of salts of oxide of 
copper produces a greenish-blue precipitate, consisting of a basic salt of 
oopper. This precipitate redissolves readily upon further addition of 
ammonia, givdng a perfectly clear Solution of a magniflcent azure-blue, 
which owes its color to the formation of a basic double salt of ammonio- 
oxiDE OF COPPER. Thus, for instance, in a Solution of sulphate of oxide of 
copper, ammonia produces a precipitate of N H^ Cu + N H^ O, S O,. 
The blue color ceases to be perceptible only in very dilute Solutions. 
Potassa produces in such blue Solutions in the cold, after the lapse of 
some time, a precipitate of blue hydrate of oxide of copper ; but upon 
boiling the fluid this reagent precipitates the whole of the copper as black 
oxide. Carbonate of ammonia presents the same deportment with salts 
of copper a« pure ammonia. 

9. Ferrocyanide of pokuäitMn produces even in moderately dilute Solu- 
tions a reddifih-brown precipitate of ferrocyakide of copper (Cu^ Cfy) 

u 2 
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which is insoluble in dilute acids, but Buffers decomposition wben acted 
upon by potassa. In very highlv dilute Solutions the reagent produces 
only a reddish coloration of the fluid. 

10. MetaUic iron when brought into contact with concentrated Solu- 
tions of salts of copper is almost immediately covered with a coppery-bed 
COATINO DP METALLic COPPER j veiy dilute Solutions produce this coat- 
ing only afber some time. Presence of a little free acid accelerates the 
reaction. 

If a fluid containing copper and a little free hydrochloric acid is poured 
into a small platinum dish (the lid of a platinum crucible), and a small 
piece of zinc is introduced, the bright platinum surßu^e speedily beoomes 
covered with a coatino of copper; even with very dilute Solutions 
this coating is clearly discemible. 

11. If a mixture of a Compound of copper with carbonate of soda is 
exposed on a charcoal support to the redudng flame of the blowpipe, 
hetalltc copper is obtained, without simiütaneous incrustation of the 
charcoal. The best method of freeing this copper from the particles of 
charcoal, is to triturate the fused mass in a small mortar with water, and 
to wash off the charcoal powder ; when the coppery-red metallic particles 
will be left behind. 

12. Copper, its alloys, and other Compounds, when exposed to the 
inner blowpipe flame^ impart an emerald green tint to the outer flame. 
Addition of chloride of silver considerably heightens the delicacy of the 
reaction. 

13. Borax and phoaphate of soda and anmionia- readily dissolve oxide 
of copper in the outer blowpipe flame. The beads are green while hot, 
blue when cold. In the inner flame the bead produced with borax ap- 
pears colorless, that produced with phosphate of soda and ammonia turns 
dark green ; both acquire a brownish-red tint upon cooling. 

§ 120. 
c. Teroxide of Bismuth (Bio,). 

1. Bismuth has a reddish tin- white color and moderate metallic 
lustre ^ it is of medium hardness, brittle, readily fusible ; when fused 
upon a charcoal support, it forms a coating of yellow teroxide on the 
surface of the charcoal. It dissolves readily in nitric acid, but is 
nearly insoluble in hydrochloric acid, and altogether so in dilute sul- 
phuric acid. Concentrated sulphuric acid converts it into sulphate of 
teroxide of bismuth, with evolution of sulphurous acid. 

2. The teroxide of bismuth is a yellow powder; when heated, it tran- 
siently acquires a deeper tint ; it fuses at a red heat. Hydrate of ter- 
oxide of bismuth is white. Both the teroxide and its hydrate dissolve 
readily in hydrochloric, sulphuric, and nitric acids. 

3. The salts of bismuth are non-volatile, with the exception of a few 
(terchloride of bismuth). Most of them are decomposed at a red heat 
They are colorless ; some of them are soluble in water, whilst others are 
insoluble in this menstruum. The soluble salts, in the neutral State, 
redden litmus paper, and are decomposed into soluble acid and insoluble 
basic salts when treated with a large amount of water. 

4. Hydrosulphuric acw? and siUphide ofammonium produce in neutral 
and acid Solutions of salts of bismuth black precipitates of tersulphide 
OF BISMUTH (Bi S,), which are insoluble in dilute acids, alkalies, alkaline 
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sulphides, and Cyanide of potassium, but are readily decomposed and 
dissolved by boiling concentrated nitric acid. In Solutions of salts of 
bismuth which contain a considerable excess of hydrochloric or nitric 
acid, hydrosulphuric acid produces a precipitate only afber the addition 
of water. 

5. Fotassa and ammonia throw down from Solutions of salts of bis- 
muth HYDRATE OF TEBoxiDE OF BISMUTH as a wMte precipitate, which is 
insoluble in an excess of the precipitant. 

6. CcMrbonate qfsoda throws down from Solutions of salts of bismuth 
BASIC GABBOKATE OF BISMUTH (Bi O^, C O,) as a white bulky precipitate, 
which is insoluble in an excess of the precipitant, and equally so in 
Cyanide of potassium. 

7. Chromate of potassa precipitates from Solutions of salts of bismuth 
CHROMATE OF BISMUTH as a yellow powder. This substance differs from 
Chromate of lead in being soluble in dilute nitric acid and insoluble in 
potassa. 

8. The reaction which oharacterizes the teroxide of bismuth more par- 
ticularly, is the decomposition of its neutral salts by water into soluble 
acid and insoluble basic salts. The addition of a large amount of water 
to Solutions of salts of bismuth causes the immediate formation of a 
dazzling white precipitate, provided there be not too much free acid pre- 
sent. This reaction is the most sensitive with terchloride of bismuth, as 
the basic chloride of bismuth (Bi CI3, 2 Bi O3) is nearly insoluble in 
water. If water falls to produce a precipitate in nitric acid Solutions of 
bismuth, owing to the presence of too much free acid, the excess of the 
acid must be removed by evaporation, before the water is added. From 
the basic salts of antimony which are formed under analogous circum- 
stances, the precipitated basic salts of bismuth may be readily distin- 
guished by their insolubility in tartaric acid. 

9. If a mixture of a Compound of bismuth with carhonate of aoda is 
exposed on a charcoal support to the reditdng ßame of the hlowpipey 
brittle olobules of bismuth are obtained, which fly into pieces uxjder 
the stroke of a hammer. The charcoal becomes covered at the same 
time with a slight yellow incrustation of teroxide of bismuth. 

§ 121. 
d» Oxide of Cadmium (CdO). 

1 . Metallic cadmium has a tin-white colour ; it is lustrous,not very hard, 
malleable, ductile; it fases at a temperature below red heat, and volatilizes 
at a temperature somewhat above the boiling point of mercury. Heated 
on charcoal before the blowpipe, it takes fire and bums, emitting brown 
fiimes of oxide of cadmium, which form a coating on the charcoal. 
Hydrochloric acid and dilute sulphuric acid dissolve it, with evolution of 
hydrogen ; but nitric acid dissolves it most readily. 

2. Oxide of cadmium is a yellowish-brown, fixed powder ; its hydrate 
is white. Both the oxide and its hydrate dissolve readily in hydro- 
chloric, nitric, and sulphuric acids. 

3. The salts of oxide of cadmium are colorless or white ; some of 
them are soluble in water. The soluble salts, in the neutral state, redden 
litmus paper, and are decomposed at a red heat. 

4. Hydrosvlphv/ric acid and sulphide ofammonium produce in alkaline, 
neutral^ and add Solutions of salts of cadmium, bright yellow precipitates 
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of SULPHIDE OF CADKiUM (Cd S), which are insoluble in dilute acids, 
alkalies, alkaline snlphides, and Cyanide of potasginm. They are readüy 
decomposed and diasolved by boilmg concentrated nitrio acid In Solu- 
tions of salts of oadminm whioh contain a considerable excess of add, 
hydrosulphuric acid produces a precipitate only afber dilution with 
water. 

6, Potassa prodaces in Solutions of salts of cadmium a white preci^tate 
of HYDRATE OF OXIDE OF CADsnuM (Cd O, H O), which is insoluble in 
an excess of the precipitant. 

6. Ammonia likewise precipitates from Solutions of salts of cadmium 
white HYDRATE OF OXIDE OF CADKIUM, which, however, redissolves 
readily to a colorless fluid in an excess of the precipitant. 

7. CarboncUe of potassa and ca^Ixmate of ammonia produce white pre- 
cipitates of GABBONATE OF CADMIUM (Cd O, C O,), which are insoluble 
in an excess of the precipitants. The presence of salts of ammonia does 
not prevent the formation of these precipitates. The precipitated car- 
bonate of cadmium dissolves readily in Solution of Cyanide of potassium. 
From dilute Solutions the precipitate separates only afber some time. 

8. If a mixture of a Compound of cadmium with carhonate of sada is 
exposed on a charcoal support to the redueing ßame qfthe hlowpipe, the 
charcoal becomes covered with a reddish-brown coating of oxidb of 
CADMIUM, owing to the Tolatilization of the reduced metal and its sab- 
sequent re-oxidation in passing thi*ough the oxidizing flame. The coating 
is Seen most distinctly after cooling. 

§ 122. 

RecapiiuUUion and remarks, — The perfect Separation of the metalHc 
Oxides of the second division of the fifth group from suboxide of mereury 
and oxide of silver may, as already stated, be eflected by means of hydro- 
chloric acid ; but this agent £äils to separate them completely from oxide 
of lead. The oxide of mereury is distinguished from the other oxides of 
this division by the insolubility of the corresponding sulphide in boiling 
nitric acid. This property aflbrds a convenient means for its Separation. 
Moreover, the reactions with protochloride of tin or with metallic copper, 
as well as those in the dry way, will, afber the previous removal of the 
suboxide, always readily indicate the presence of oxide of mereury. 

From the still remaining oxides the oxide of lead is separated by addi- 
tion of a sufficient quantity of dilute sulphuric acid ; the Separation is 
the most complete if the fluid, after the addition of the sulphuric acid, 
is evaporated on the water-bath, and the residue diluted with water. 
Teroxide of bismuth may be separated from oxide of copper and oxide of 
cadmium by addition of ammonia in excess, as the latter two oxides are 
soluble in an excess of this agent. If the filtered precipitate is dissolved 
in one or two drops of hydrochloric acid on a watchglass, and water 
added, the appearance of a milky turbidity is a con&:mation of the 
presence of teroxide of bismuth. — The presence of a notable quantity of 
oxide of copper is revealed by the blue color of the ammoniacal Solution ; 
smaller quantities are detected by evaporating the ammoniacal Solution 
uearly to dryness, adding a little acetic acid, and then ferrocyanide of 
potassium. The Separation of oxide of copper from oxide of cadmium 
may be eflected by means of carbonate of ammonia ; however, by that 
method minute quantities of cadmium might readily escape detection. 
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The Separation by means of Cyanide of potassium is safer. — ^The process 
is very simple, being as foUows : precipitate the Solution with hydro- 
sulphuric acid, let the precipitate settle, wash it slightly by decantation, 
and treat it with some Cyanide of potassium, when the sulphide of copper 
will dissolve, ihe yellow sulphide of cadmium remaining undissolved. 

§123. 

SUPPLEMENT TO THE PIPTH GROUP. 

Frotoxide dp Palladium (Fd O). 

Falladium greatly resembles platinum ; its color is somewhat darker. 
It fuses with great difficulty ; when heated in the air to dull redness, it 
becomes oovered with a blue coating ; but, upon more intense ignition, 
it recovers its light color and metallic lustre. It is difBicultly soluble 
in pure nitric acid, but dissolves somewhat more readily in nitric acid, 
containing nitrous acid; it dissolves yery spanugly in boiling con- 
centrated sulphurio acid, but readily in nitro-hydix>chloric acid. It 
oombines with 1 and 2 eq. of oxygen to form protoxide and binoxide. The 
latter, when heated with dilute hydrochloric acid, evolves ohlorine, and 
gives Solution of protochloride of palladium. Frotoxide of palladium is 
black, its hydrate dark brown ; both are, upon intense ignition, resolved 
into oxygen and metallic palladium. The salts of protoxide of palla- 
dium are mostly soluble in water ; they are brown, or reddish- brown ; their 
Solutions, when concentrated, are reddish-brown ; when dilute, yellow. 
Water precipitates from a Solution of nitrate of |M:otoxide of palladium 
containing a slight excess of acid, a brown-colored basic salt. The 
oxygen salts, as well as the protochloride, are decomposed upon ignition, 
leaving metallic palladium behind. Hydrosulphuric acid and sulphide of 
ammonium throw down from acid or neutral Solutions of salts of pro- 
toxide of palladium, black protosulphide of palladium, which dissolves 
neither in sulphide of ammonium nor in boiling hydrochloric acid, and 
with difficulty in boiling nitric acid, but readily in nitro-hydrochlorio 
acid. From the Solution of the protochloride potassa precipitates a 
brown basic salt, soluble in an excess of the precipitant, ammoniay 
flesh-colored ammomo-pro^ochloride of pcUladvum (Fd Cl, N H,), cy- 
(mide ofmerom^y yellowish- white gelatinous protocyamde of paHacHfmij 
soluble in hydrochloric acid, and in ammonia. Frotochloride of tin pro- 
duces, in absence of free hydrochloric acid, a brownish-black precipitate ; 
in presence of free hydrochloric acid, a red-colored Solution, which speedily 
toms brown, and ultimately green, and, upon addition of water, 
browniflh-red. Sulphate of protoxide of iron produces a deposit of pal- 
ladium on the sides of the glass. lodide of potassium precipitates black 
protiodide of palladium. Chloride of potassium precipitates from highly 
oomcentrated Solutions of protoxide of palladium, potassio-protochloride of 
palladium (K Cl,Fd Cl), in form of golden-yellow needles, which dissolve 
i^adily in water giving a dark red fluid, but are insoluble in absolute 
alcohol. 
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§124. 

8ixth ^roup. 

Teroxide dp Gold, Binoxide op Platinum, Teroxide dp Ahtimont, 
BiNoxiDE OP TiN, Protoxide op Tin, Arsenious Acid and Aesenic 
Acid.* 

Froperties ofthe group. — The sulphides corresponding to the oxides of 
the sixth group are insoluble in dilute acids. These oombine with alka- 
line sulphides forming soluble sulphur salts, in which they perform the 
part of the acid. Hydrosulphuric acid precipitates these oxides there- 
fore, like those of the fifth group, completely fpom acidiüed solntions. 
The precipitated sulphides dififer, however, from those of the fifth group 
in this, that they dissolve in sulphide of ammonium, sulphide of 
potassium, <bc., and are reprecipitated from these Solutions on the addi- 
tion of acids. 

We divido the oxides of this group into two classes, and distinguish, 

1. Oxides whose corresponding sulphides are insoluble dt 
HYDROCHLORic ACID AND IN NiTRic ACID, and are reduced to the metallic 
State upon fusion in conjunction with nitrate and carbonate of soda : viz., 
teroxide of gold and binoxide of platinum. 

2. Oxides whose corresponding sulphides are soluble in boiling 
HYDROCHLORIC ACID OR NITRIC ACID, and are upon fusion with nitrate and 
carbonate of soda converted into oxides or acids, which combine with the 
soda : viz., Teroxide of antimony, protoxide and binoxide of tin, 
arsenious and arsenic acids. 

PIRST DIVISION. 

Spedcd Reactions, 

§125. 

a. Teroxide op Gold (Au O,). 

1. Metallic gold has a reddish yellow color, and a high metallic lustre : 
it is rather soft, exceedingly malleable, ductile, difficultly fusible ; it 
does not oxidize upon iguition in the air, and is insoluble in hydro- 
chloric, nitric,.and sulphuric acids ; but it dissolves in fiuids containing or 
evolving chlorine, e, g, in nitro-hydrochloric acid. The Solution contains 
terchloride of gold. 

2. Teroxide of gold is a blackish-brown, its hydrate a chesnut-brown 
powder. Both are reduced by light and heat, and dissolve readily in 
hydrochloric acid, but not in dilute oxygen acids. Concentrated nitric 
and sulphuric acids dissolve a little teroxide of gold ; water reprecipitates 
it from these Solutions. 

3. Salts of gold with oxygen acids are nearly unknown. The haloid 
salts of gold are yellow, and their Solutions continue to exhibit this color 
up to a high degree of dilution. The whole of them are readily decom- 

* l have placed the two acids of arsenic with the metallic oxides, since the deportment 
of the salphides of arsenic might readily lead to their being confonnded with some of the 
oxides of the sixth groap, and becanse in the systematic coorse of analysis the sulphide 
of arsenic is invariably obtained in the same precipitate with the salphide of antimony, 
the sulphide of tin, &c. 
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posed upon ignition. Neutral Solution of terchloride of gold reddens 
Utmus paper. 

4. Hydrodulphwric (usid precipitates from neutral and acid Solutions of 
gold the whole of the metal as black tersulphide of gold (Au S,), 
which is insoluble in either of the acids, partly soluble in potassa, and 
perfectly so in sulphuretted alkaline sulphides and in nitro-hydro- 
chloric acid. Erom boiling Solutions hydrosulphuric acid throws down 
metallic gold. 

5. Sylphide of ammonium produces the same precipitate. This re- 
dissolves in an exoess of the precipitant only if the latter contains an 
excess of sulphur. 

6. Ämmonia produces, but only in tolerably concentrated Solutions of 
gold, reddish-yellow precipitates of aurate dp ammonia (fulminating 
gold). The more acid the Solution and the greater the excess of 
ammonia added, the more gold remains in Solution. 

7. Frotoctdoride oftin containing an admixture of bichloride produces 
even in extremely dilute Solutions of gold, a purple-red precipitate (or 
coloration at least), which sometimes inclines rather to violet or to 
brownish-red. This precipitate, which has received the name of purple dp 
GASSius, is insoluble in hydrochloric acid. It is assumed to be a hydrated 
Compound of binoxide of tin and protoxide of gold with protoxide and 
binoxide of tin (Au O, Sn O, + Sn O, Sn O, + 4 H O). 

8. SclUs of protoxide of i/ron reduce the teroxide of gold, when added 
to its Solutions, and precipitate metallic gold in form of a most minutely 
divided brown powder, which shows metallic lustre when pressed wiiii 
the blade of a knife, or when rubbed. The fluid in which the precipitate is 
suspended appears of a blackish-blue color by tiunsmitted light. 

§126. 
6. Binoxide dp Platinum (Pt OJ. 

1. Metallic platinum has a light steel-gray color ; it is yery lustrous, 
moderately hard, very malleable and ductile, difBicultly fusible ; it does 
not oxidize upon ignition in the air, and is insoluble in hydrochloric, 
nitric, and sulphuric acids. It dissolves in nitro-hydrochloric acid, 
especially upon heating. The Solution contains bichloride of platinum. 

2. Binoxide of platinum is a blackish-brown,its hydrate a reddish-brown 
powder. Both are reduced by heat ; they are both readily soluble in 
hydrochloric acid, and difficultly soluble in oxygen acids. 

3. The salts of binoxide of platinum are decomposed at a red heat. 
They are yellow ; bichloride of platinum is reddish-brown, its Solution 
reddish-yellow, which tint it retains up to a high degi*ee of dilution. The 
Solution reddens litmus paper. Exposure to a very low red heat converts 
bichloride of platinum to protochloride ; application of a stronger red 
heat reduces it to the metallic state. Solution of bichloride of platinum, 
containing protochloride, has a deep dark brown color. 

4. Hydrosulphuric acid throws down from acid and neutral Solutions 
— (but not from alkaline Solutions, or, at all events, not completely)— 
afber the lapse of some time a blackish-brown precipitate of bisulphidb 
DP PLATINUM (Pt S,). If the Solution is heated after the addition of the 
hydrosulphuric acid the precipitate forms immediately, It dissolves 
in a great excess of alkaline sulphides, more particularly of the higher 
degrees of sulphuration. Bisulphide of platinum is insoluble in 
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hydrochlorio acid and in nitric add; but it dissolves in nitrobydro- 
chloiio acid. 

6. Stdphi(ho/ cKnmonitffin produces the same precipitaie ; this redis- 
solvea completely in a large exoeas of the precipitant, if the latter contedns 
an excem of sulphur. Acida reprecipitate the bisulphide of platinum 
nnaltered from this Solution. 

6. Fotassa cmdammonia produce in not too highly dilute Solutions of 
salts of platinum, mixed with some hydrochloric acid, yellow erystalline 
precipitates of potassio- and akmonio-bichlobws er PLAToruM, which 
are insolüble iu acids, but dissolve in an excess of the precipitanta npon 
application of heat. From dilute Solutions these precipitates are 
obtained by evaporating the fluid mixed with potassa or ammonia (or 
Chloride of potassium or chloride of ammonium), but remaining still acid, 
on the water-bath to dryness, and treating the residue with dilute spirit 
of wine until the alkaliue Chlorides are dissolved. Upon ignition, 
ammonio-bichloride of platinum leaves spongy platinum behind. 
Fotassio-bichloride leaves platinum and chloride of potassium. 

7. ProtocMoride of tin imparts to Solutions of salts of bimozide of 
platinum which contain much free hydrochloric acid an intekselt dabk 
BB0WNI8H-KED COLOR, owing to a reductiou of the binoxide or bichloride of 
platinum to protoxide or simple chloride. But the reagent produces no 
precipitate in such Solutions. 

8. StUphate of protoxide of iron does not precipitate Solution of 
bichloride of platinum. 

§127. 

Reca/pUidation cmd remarks, — The reactions of gold and platinum 
euable us, at least partiallj, to detect these two metals in the presence 
of many other oxides, and also when platinum and gold are present in 
the same Solution. In the latter case the Solution is either evaporated to 
dryness with chlonde of ammonium, and the residue treated with spirit 
of wine, in order to obtain the gold in Solution, and the platinum in the 
residue ; or the gold is precipi^ted with protochloride of iron, and the 
fluid flltered offafter standing sometime. The presence of the platinum 
in the flltrate may then be proved by means of chloride of ammonium, 
afber previous evaporation and addition of spirit of wine. The latter 
method is applicable only in cases where both metals are in Solution as 
Chlorides. 

SECOND DIVISION OF THE 8IXTH GROUP. 

Special Reactiona. 

§128. 

a. Protoxide of Tin (Sn O), 

1. Tin has a light giuy- white color and a high metallic lustre; it is 
soft and malleable ; when beut, it produces a crackling sound. Wken 
heated in the air, it absorbs oxygen, and is converted into grayish- white 
binoxide ; heated on charcoal before the blowpipe, it forms a white ooat- 
ing on the support. Concentrated hydrochloric acid dissolves tin to 
protochloride, with evolution of hydrogen gas ; nitrohjdrochloric acid 
dissolves it, accordiug to circumstances, to bichloride or to a mixture of 
proto- and bichloride. Tin dissolves with difficulty in dilute sulj^uric 
acid ; concentrated sulphuric acid converts it, with the aid of heat, into 
Bulphate of binoxide; moderately concentrated nitric acid oxidizes it 
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readily, particolarly with tbe aid of lieat ; the white binoxide formed- 
does not redissolve in an excess of the acid. 

2. Protoxide of tin is a blaok or graTish-bkok powder ; its hydrate is 
white. « Protoxide of tin is reduced by fusion with Cyanide of potaasium. 
It is readily soluble in hydrochloric acid. Nitric acid converts it into 
binoxide of tin, which is insoluble in an excess of the acid. 

3. The salts of protoxide of tin are colorless, and are decomposed by 
heat The soluble salts, in the neutral state, redden litmus paper. The 
salts of protoxide of tin rapidly absorb oxygen from the air, and are 
partially or entirely converted into salts of binoxide ; hence a Solution 
of protoohlorideof tin beoomes speedily torbid (from ensuing Separation of 
oxybichloride of tin), if the glass is ofben opened and there is only little 
free acid present ; hence it is only quite recently prepared protochloride 
of tin which will completely dissolve in water free from air, <&:c. 

4. Hydrosulphuric add throws down from neutral and acid Solutions 
of salts of protoxide of tin a dark brown precipitate of hydrated pboto- 
SULPHIBE OF TIN (Su S), which is insoluble, or nearly so, in protosul- 
phide of ammonium, but dissolves readily in the higher yellow sulphide. 
Acids precipitate from this Solution yellow bisulphide of tin, mixed with 
Bulphur. Protosulphide of tin dissolves also in Solution of soda or 
potassa. Acids precipitate from these Solutions brown protosulphide. 
Boiling hydrochloric acid dissolves it, with evolution of hydrogen ; boil- 
ing nitric acid converts it into insoluble binoxide of tin. Alkaline Solu- 
tions of protosalts of tin are not, or at least only imperfectly, preci« 
pitated by hydrosulphuric acid. 

5. Sulphide ofaawmonium produces thesame precipitate of hydrated 

PROTOSULPHIDE OF TIN. 

6. Potcbssa, ovminonia, carhonate of potassa, and carhoruUe o/cunmonia 
produce in Solutions of salts of protoxide of tin a white, bulky precipitate 
of HYDRATE OF P&OTOXIDE OF TIN (Sn O, H O), which redissolves readily 
in an excess of pota.ssa, but is insoluble in an excess of the other three 
precipitants. If the Solution of hydrate of protoxide of tin in potassa is 
briskly evaporated, a Compound of binoxide of tin and potassa is formed, 
which remains in Solution, whilst metcdlic tin precipitates ; but, upon 
evaporating slowly, crystalline anhydrous protoxide of tin separates. 

7. TerMoride of gold produces in Solutions of protochloride or 
protoxide of tin, upon addition of some nitric acid (without application 
of heat), a precipitate or coloration of pubple of cassius. (Compare 
§ 125, 7.) 

8. Solution of cfdoride of mercury, added in excess, produces in Solu- 
tions of protochloride or protoxide of tin a white precipitate of SUB- 
GHLORIDE o^ MEBCUBY, owing to the protosalt of tin withdrawing from 
the Chloride of mercury half of its chlorine. 

9. If a fluid containing protoxide or protochloride of tin is added to a 
mixture of ferricyanide ofpotassium and sesquichloride of iron, a preci- 
pitate of Frussicm blue separates immediately, owing to the reduc- 
tion of the ferricyanide. This reaction, which was first pointed out by 
Löwenthal, is extremely delicate, but it can be held to be decisive only 
in cases where no other reducing agent is present. 

10. If Compounds of protoxide of tin, mixed with carhonale of soda 
and some borax, or, better still, with a mixture of equal parts of car- 
honate of soda and Cyanide of potassium, are exposed on a charooal 
Support to the inner blotDpipeßame, malleable grains of metallic tin are 
obtained. The best way of making quite sure of the real natore of these 
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grains, is to triturate tbem and the surrotinding parts of chaircoal with 
water in a small mortar, pressing heavily upon the mass ; then to wash 
the charcoal off from the metallic particles. Upon strongly heating the 
grains of metallic tin on a charcoal support, the latter becomes covered 
with a coating of white binoxide. 

§ 129. 
b, Binoxide dp Tin (SnO,). 

1. Binoxide of tin is a powder varying in color from white to straw- 
yellow, and which upon heating transiently assumes a brown tint. It 
forms two different series of ^ts with acids, bases, and water. The 
hydrate precipitated by alkalies from Solution of bichloride of tin dis- 
solves readily in hydrochloric acid ; whilst that formed by the action of 
nitric acid upon tin — hydrate of metastannic acid — remains undissolved. 
Büt if it is boiled for some time with hydrochloric acid, it takes up add ; 
if the excess of the acid is then poured off, and water added, a clear 
Solution is obtained. Upon boiling this Solution, hydrate of metastannic 
acid separates from it ; whilst from a Solution of bichloride, largely diluted 
with water, common hydrate of binoxide separates upon boiling. 

2. The salts of binoxide of tin are colorless ; they are decomposed at 
a red heat. The soluble salts of binoxide of tin, in the neutral state, 
redden litmus paper. Bichloride of tin is a volatile liquid, strongly 
fuming in the air. 

3. Hydroaulphwric add throws down from all acid and neutral Solu- 
tions of salts of binoxide of tin, particularly upon heating, a white floc- 
culent precipitate, if the Solution of the binoxide is in excess ; a fai/nüy 
ydlow precipitate, if the hydrosulphuric acid is in excess. The former 
(the white precipitate) may safely be assumed, in the case of a Solution 
of bichloride of tin, to consist of a mixture of bichloride and bisidphide 
of tin (however, it has not as yet been aualysed) ; the latter (the yellow 
precipitate) consists of hydrated bisulphide dp tin (Sn S,). Alkaline 
Solutions are not precipitated by hydrosulphuric acid. The bisulphide 
of tin dissolves readily in potassa, alkaline sulphides, and concentrated 
boiling hydrochloric acid. It dissolves with some difficulty in pure am- 
monia, and is altogether insoluble in carbonate of ammonia. Nitric acid 
converts it into insoluble binoxide of tin. It is insoluble in a heated 
Solution of acid sulphite of potassa and sulphurous acid. Upon defla- 
grating bisulphide of tin with nitrate and carbonate of soda, sulphate of 
soda and binoxide of tin are obtained. If a Solution of bisulphide of tin 
in potassa is boiled with teroxide of bismuth, tersulphide of bismuth and 
binoxide of tin are formed, which latter substance remains dissolved in 
the potassa Solution. 

4. Svlphide of ammoniwn produces the same precipitate of hydrated 
bisulphide op TIN ; the precipitate redissolves readily in an excess of 
the precipitant. From this Solution acids reprecipitate the bisulphide of 
tin unaltered. 

5. Potassa and ammoniay ca/rhonate of soda and carbonate of am- 
monia, produce in Solutions of salts of binoxide of tin white precipitates 
which, according to the nature of the Solutions, consist öf hydrate of 
binoxide of tin, or of hydrate of metastannic acid. Both dissolve readily 
in an excess of potassa^ 

6. Svlphate of soda, nitrate of ammonia (in fact, most neutral salts)^ 
when added in excess, throw down from Solutions of both modifications 



§ 130.] • TEROXIDE OF ANTIMONY. 109 

of binoxide of tin, provided they are not too acid, the whole of the tin as 

HYDBATED BINOXIDE Or HTDEATED METASTANNIO ACID. 

7. MetaUic zinc precipitates from Solutions of bichloride or of salts of 
binoxide of tin, in the absence of free acid, white, gelatinous hydrate of 
binoxide ; but in presence of a sufficient quantity of free hydrochloric 
acid, M£TALLic TIN, in the shape of small gray scales, or as a spongy 
mass. If the Operation is conducted in a platiuum dish, no blackening 
of the latter is observed (difference between tin and antimony). 

8. The Compounds of the binoxide of tin manifest the same deport- 
ment before the blowpipe as those of the protoxide. Binoxide of tin 
is also readily reduced when fused with Cyanide of potassium in a glass 
tube. 

§ 130. 
c. Teroxide op Antimony (Sb 0,). 

1. Metallio antimony has a bluish tin- white color and is very lustrous ; 
it is hard, brittle, readily fusible. When heated on charcoal before 
the blowpipe, it emits thick white fumes of teroxide of antimony, which 
form a coating on the charcoal ; this combustion continues for some time, 
even after the removal of the metal from the flame ; it is the most dis- 
tinctly visible if a cnrrent of air is directed with the blowpipe directly 
upon the sample on the charcoal But if the sample on the support is 
kept steady, that the fumes may ascend straight, the metallic grain 
becomes surrounded with a net of brilliant crystals of teroxide of 
antimony. Nitric acid oxidizes antimony readily : the dilute acid 
Converting it almost entirely into teroxide, the more concentrated 
acid into antimonic acid ; both are nearly insoluble in nitric acid ; still 
in the acid fluid filtered from the precipitate there are always found 
traces of antimony. Hydrochloric acid, even boiling, does not attack 
antimony. In nitrohydrochloric acid the metal dissolves readily. The 
Solution contains terchloride of antimony (Sb Cl,), or pentachloride of 
antimony (Sb Cl^), according to the degree of concentration of the acid 
and the duration of the action. 

2. According to the different modes of its preparation, teroxide of 
antimony occurs either in the form of white, brilliant crystalline needles, 
or as a grajrish-white powder. It fuses at a moderate red heat ; when ex- 
posed to a higher temperature, it volatilizes without decomposition. It is 
almost insoluble in nitric acid, but dissolves readily in hydrochloric and 
tartaric acids. Teroxide of antimony is easily reduced to the metallic 
State by fusion with Cyanide of potassium. 

3. Antimonic acid (Sb OJ is pale yellow ; its hydrates are white. 
Both the acid and its hydrates redden litmus paper ; they are slightly 
soluble in water, and insoluble in nitric acid, but dissolve pretty readily 
in bot concentrated hydrochloric acid : the Solution contains pentachlo- 
ride of antimony (Sb Cl^), and tums tm^bid upon addition of water. 
Upon ignition, antimonic acid loses oxygen, and is converted into anti- 
monate of teroxide of antimony (Sb 0,, Sb O^). Of the antimonates the 
potassa and ammonia salts alone are soluble in water : acids precipitate 
hydrate of antimonic acid from the Solutions, chloride of sodium throws 
down from them antimonate of soda (§ 89, 2). 

4. Part of the salts of teroxide of antimony are decomposed upon 
ignition ; the haloid salts volatilize readily and unaltered. The soluble 
neutral salts of antimony redden litmus paper. When treated vritb. 
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a large amount of water, they are decomposed into insoluble basio 
and soluble acid salts. Thos, for instance, water throws down from 
solntions of terchloride of antimony in hydrochlorio acid, a white hvikj 
precipitate of basio tercbloride of antimony (powder of Algarolh) 
Sb Ol,, 5 Sb O,, which after some time becomes heavy and crystalline. 
Tartario acid diasolves this precipitate readily, and therefore prevents 
itg formation if mixed with the solntion previously to the adcUtion of 
the water. It is by tbis property that the basic tercbloride of antimony 
is dbtingnisbed from the basic salts of bismutb formed nnder similar 
circomstances. 

5. Hydrosulphwric acid precipitates from acid Solutions of terozide of 
antimony the whole of the metal as orange-red tersulphide of amti- 
mony (Sb S,). In alkaline Solutions tbis reagent fails to produoe a pre- 
cipitate or, at least, it precipitates them only imperfectly ; neutral Solu- 
tions also are only imperfectly thrown down by it. The tersulphide of 
antimony produced is readily dissolved by potassa and by alkaline sul- 
phides, especially if the latter contain an excess of sulphur ; it is but 
sparingly soluble in ammonia, and — if it contains no f^ee sulphur nor 
pentasulphide of antimony — almost insoluble in bicarbonate of ammonia^ 
It is insoluble in dilute acids. Concentrated boiling hydrochlorio acid 
dissolves it, with evolution of hydi'osulphuric acid gas. It is not dis- 
solved by heating with an aqueous Solution of acid sulphite of potassa 
and sulphurous acid. When heated in the air, it is converted into a 
mixture of antimonate of teroxide of antimony with tersulphide of 
antimony. When deflagrated with nitrate of soda, it giyes sulphate 
and antimonate of soda. If a potassa Solution of tersulphide of antimony 
is boiled with teroxide of bismutb, tersulphide of bismuth precipitate^ 
and teroxide of antimony dissolved in potassa remains in the Solution. 
On fusing tersulphide of antimony with Cyanide of potassium, metallic 
antimony and sulphocyanide of potassium are produced. If the Operation 
is conducted in a small tube expanded into a bulb at the lower end, ot 
in a stream of carbonic acid gas (see § 131, 12), no Sublimate of antimony 
is produced. But if a mixture of tersulphide of antimony with car- 
bonate of soda or with Cyanide of potassium and carbonate of soda, 
is heated in a glass tube in a stream of hydrogen gas (compare § 131, 
4), a mirror of antimony is deposited on the inner surfiuse of the tube, 
immediately behind the spot occupied by the mixture. 

From a Solution of antimonic acid in hydrochloric acid, sulphuretted 
hydrogen throws down pentasulphide of antimony (Sb S^), which dissolves 
readily when heated with Solution of soda or ammonia, and eqaally so in 
concentrated boiling hydrochloric acid, with evolution of hydrosulphuric 
acid gas and Separation of sulphur. 

6. Svlphide of ammonium produces in Solutions of teroxide of an- 
timony an orange-red precipitate of tersulphide of ai^timont, which 
readily redissolves in an excess of the precipitant if the latter contains 
an excess of sulphur. Acids throw down from tbis Solution penta- 
sulphide of antimony (Sb S^). However, the orange color appears in 
that case usually of a lighter tint, owing to an admixture of free sulphur. 

7. Fotasaa^ cmvrnonia, ecirbonate of potassa, and carbonate of ammonia 
throw down from Solutions of tercbloride of antimony, and also of simple 
salts of teroxide of antimony — but not, or at leafit not immediately, irom. 
Solutions of tartar emetic or analogous Compounds — a white, bulky pre- 
cipitate of TEROXIDE OF ANTIMONY, which rcdissolvcs pretty readily 
in an excess of potassa, but requires the application of heat for its 
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re-aolntion in carbonate of potassa, and is alogether insoluble in 
ammonia. 

8. MetaHUc fsmc precipitates frotn all Solutions of teroxide of antimony, 
if they contain no free nitrio acid, mbtallic antikont as a black powder. 
If a few drops of a sdiution of antimony, containing some free hydro- 
dilork) acid, are poared into a platinum dish (the inside of a platinum 
cmcible oover), and a small piece of zinc introduced, hydrogen is evolyed 
and antimony s^)arates, staining the part oi the platinum covered by 
the liquid brown or bkck, even in the case of yery dilute Solutions : 
these new reactions I can therefore recommend as being delicate and 
characteristic Oold hydrochloric acid fiiils to remove the stain, which, 
however, may be immediately removed by warm nitrio acid. 

9. If a Solution of teroxide of antimony in Solution of potassa or 
Boda » mixed with Solution of nUrate of 8%XA)er^ a deep black precipitate 
of 9C7BOXIDE OF siLVER forms with the grayish-brown precipitate 
of oxide of sürer. Upon now adding ammonia in exoess, the oxide is 
redissolved, whilst the suboxide is lej^ undissolved (H, Rose), The fol- 
lowing equation will expkdn the formation of the suboxide of silver in 
thisprocess: KO, SbO, + 4 Ag = K0, SbO. + 2 Ag, O. This ex- 
eeedingly delicate reaction affords us an excellent means of detecting 
teroxide of antimony in presence of antimonic acid. 

10. If a Solution of teroxide of antimony is introduced into a flask in 

which hydrogen gas is being evolved from pure zmc and dilute STdphuaric 

acid, the zmc oxidizes not only at the expeuse of tbe oxygen t»f the water, 

but also at the expense of that of the teroxide of antimony, and the 

antimony separates accordingly in the metallic state ; but a portion af 

the metal combines in the mom«nt of its sepan^Äon with the liberated 

hydrogen of the water, forming antimonetted hydrogen gas (Sb HJ. 

If this Operation is conduqted in a gas-evolution flask, connected hy 

means of a perforated cork with the limb of a bent tube of which the 

other limb ends in a fine]y drawn-out point, pinched off at the top,* and 

the hydrogen passing through the flne aperture of the tube is ignited afber 

the Bitmospheric air is completely expelled, the flame appears of a bluidi- 

green tint, which is imparted to it by the antimony separating in a state 

of intense ignition upon the combustion of the antimonetted hydrogen ; 

white fiimes of teroxide of antimony rise from the flame, which con- 

dense readily upon cold substanoes, forming spots on them which are 

not dissolved by water. But if a cold body, a porcelain dish, for in- 

stance, isnow depressed upon the:flame, hetaluo AtrnMONY is deposited 

upon t)ie surface of the plate, in a state of the most minute division, 

forming a deep black and almost lustreless spot. If the middle part of 

the tube through which the gas is passing is heated to redness, the bluish- 

green tint of the flame decreases in intensity, and a metallic mirror of 

antimony of silvery lustare is formed within the tube on both sides of the 

heated part. 

As the aoids of arsenic give under the same circumstances similar spots 
of metallic arsenic, it is always necessary to examine the spots produoed, in 
Order to ascertain whether they really consist of antimony or contain any 
of that metal. With spots deposited on a porcelain dish the object in 
view is most readily att».ined by treating them with a Solution of chloride 
of soda (a Compound of hypochlorite of soda with chloride of sodiuln, pre- 

* In accarate experiinentB it is advisable to nse ManVa apparatTis. (<^ 1^1^ \.QV 
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pared by mixing a Solution of chloride of lime with carbonate of soda 
in excess, and filtering) ; which will immediately dissolve arsenical spots, 
leaving the spots proceeding from antimony untouched, er, at least^ 
removing them only after a very protracted action. A mirror 
witbin the glass tube, on the other band, may be tested by beating 
it wbilst tbe current of bydrogen gas still continues to pass tbrough 
tbe tube : if the mirror volatilizes only at a higher temperature, and the 
hydrogen gas then issuing from the tube does not smell of garlic ; if it 
is only with a strong current that the ignited gas deposits spots on 
porcelain, and the mirror before volatilizing fuses to small lustroas glo- 
bules distinctiy discemible tbrough a magnifying glass, — the presence of 
antimony may be considered certain. Or, better still, the metals may be 
identified by conducting tbrough the tube a very slow stream of dry hydro- 
sulpburic acid gas, and beating the mirror, by means of a spirit-lamp, 
proceeding from the outer to the inner border, and accordingly in an 
opposite direction to that of the gaseous current. The antimonial 
mirror is by this means oonverted into tersulphide of antimony, which 
appears of a more or less reddish-yellow color, and almost black when in 
thick layers. If a feeble stream of dry hydrochloric acid gas is now 
transmitted tbrough the glass tube, the tersulphide of antimony, if 
present in thin layers only, disappears immediately ; if the incrustation 
is somewhat thicker, it takes a short time to dissipate it. The reason 
for this is, that the tersulphide of antimony decomposes readily with 
hydrochloric acid, and the terchloride of antimony formed is exceedingly 
volatile in a stream of hydrochloric acid gas. If the gaseous current is 
now conducted into some water, the presence of antimony in the latter 
fluid may readily be proved by means of hydrosulphuric acid. By this 
combination of reactions, antimony may be distinguished with positive 
certainty from all other metals. 

11. If a mixture of a Compound of antimony with carhoncde of soda 

and cya/rMe of potassiwin is exposed on a charcoal support to tbe red/ucing 

flame of the hloiopipe, brittle globules of ketallio antimony are pro- 

duced, which may be readily recognised by the peculiar appearances 

attendant upon their oxidation (compare § 130, 1). 

§ 131. 
d. Arsenious Acid (As 0,). 

1. Metallic arsenic has a blackish-gray color and high metallic lustre, 
which it retains in dry air, but loses in moist air, becoming covered with 
suboxide ; the metallic arsenic of commerce looks therefore rather duU, 
the planes of crystallization appearing bronze-colored and feebly shining. 
Arsenic is not very hard, but very brittle : at a dull red heat it volatilizes 
without fusion. The fumes have a most characteristic odor of garlic, 
which proceeds from the suboxide of arsenic formed, Heated with 
free access of air, arsenic burns — at an intense heat with a bluish 
flame— emitting white fumes of arsenious acid, which condense on cold 
bodies. If arsenic is heated in a glass tube seaJed at the lower end, the 
greater part of it volatilizes unoxidized, and recondenses above the heated 
spot as a lustrous black Sublimate (arsenical mirror) ; a very thin coating 
of the Sublimate appears of abrownish-black color. In contact with air 
and water arsenic oxidizes slowly to ai*senious acid. Weak nitrio acid 
converts it, with the aid of heat; into arsenious acid, which dissolves only 
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sparinglj in an excess of the acid ; strong nitric acid convert» it partially 
into arsenic acid. It is insoluble in bydrochloric acid and dilute sul- 
pburic acid ; concentrated boiling sulpburic acid oxidizes it to arsenious 
acid, witb evolution of sulpburous acid. 

2. Arsenious acid generallj presents tbe appearance eitber of a trans- 
parent vitreous or of a wbite porcelain-like mass. Triturated, it gives a 
beavy, white, gritty powder. Wben beated, it volatilizes in wbite in- 
odorous fumes. If tbe Operation is conducted in a glass tube, a Sublimate 
is obtained consisting of small brilliant octabedroDS and tetrabedrons. 
Arsenious acid is only difficultly moistened by water ; it comports itself 
in tbis respect like a fatty substance. It is difficultly soluble in cold, 
but more readily in bot water. It is copionsly dissolved by bydrocbloric 
acid, as well as by Solution of soda and potassa. Upon boiling witb 
nitrobydrocbloric acid it dissolves to arsenic acid. It is bigbly 
poisonous. 

3. Tb^ arsenites are mostly decomposed upon ignition eitber into 
arsenates and metallic arsenic, wbicb volatilizes, or into arsenious acid 
and tbe base witb wbicb it was combined. Of tbe arsenites tbose only 
with alkaline bases are soluble in water. Tbe insoluble arsenites are 
dissolved, or at least decomposed, by bydrocbloric acid. Tercbloride of 
arsenic is a colorless, volatile liquid, fuming in tbe air, wbicb allows 
tbe addition of a little water, but is decomposed by a larger amount into 
arsenious acid, wbicb partly separates, and bydrocbloric acid, wbicb 
retains tbe rest of tbe arsenious acid in Solution. 

4. Hydrosulphuric acid precipitates Solutions of arsenious acid and 
of neutral arsenites slowly and imperfectly, except a iree acid be pre- 
sent, in wbicb case tbe precipitation is immediate aud perfect. Alka- 
line Solutions are not precipitated. Tbe precipitates are of a brigbt 
yellow color ; tbey consist of tersulphide op arsenic (As S,), and are 
readily and completely dissolved by pure alkalies, alkaline carbouates and 
bicarbonates, and also by alkaline sulpbides ; but tbey are nearly inso- 
luble in bydrocbloric acid, even wben concentrated and boiling. Boiling 
nitric acid decomposes and dissolves tbem readily. Tbe deflagration of 
tei'sulpbide of arsenic witb carbonate of soda and nitrate of soda gives rise 
to tbe formation of arsenate and suipbate of soda. If a Solution of ter- 
ßulpbide of arsenic in potassa is boiled witb bydrated carbonate or basic 
uitrate of teroxide of bismutb, tersulphide of bismuth and arsenite of 
potassa are produced. 

If recently precipitated tersulphide of arsenic is digested witb sul- 
pburous acid and acid sulphite of potassa, the precipitate is dissolved ; 
upon beating the Solution to boiling, the fluid tums turbid, owing to the 
Separation of sulpbur, wbicb upon continued boiling is for tbe greater part 
redi»solved. The fluid contains, after expulsion of the sulphurous acid, 
arsenite and byposulphite of potassa (2 As S, + 8 K O, ö O, = 2 K O, 
As O, + 6 K O, S, O, + S + 7 S O,). Tersulphide of antimony and bi- 
sulpbide of tin do not snow this reaction, as I have already stated 
(§ 129, 3 and § 130, 5) {Bunsevi), 

If a mixture of tersulphide of arsenic with from 3 to 4 parts of car- 
bonate of soda is made into a paste witb some water, and tbis spread over 
small glass splinters, and after being well dried, rapldly heated to red- 
ness in a glass tube through wbich dry hydrogen gas is transmitted, 
a large portion of tbe arsenic present is reduced to the metallic State and 
expelled, if tbe temperature applied is sufficiently high. Part of tbe 
I. I 
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rednced arsenic forms a metallic mirror on the inner sur£ace of ihe 
tube, the remainder is carried awaj suspended in the h jdrogen gas ; the 
minnte particies of arsenic impart a bluish tint to the flame when the 
gas is kindled, and form stains of arsenic upon the surface of a porcelain 
dish depressed upon the flame. The fiision of the mizture of tersolphide 
of arsenic with carbonat-e of soda first gives rise to the formation of a 
double tersulphide of arsenic and sulphide of sodium, and of arsenite of 
8oda(2 AsS, + 4NaO,CO, = 3NaS, AsS, + NaO,AsO, + 4C0J. 
Upon heating these products the arsenite of soda is resolved into arsenic 
and arsenate of soda (5 As O, = 2 As -i- 3 As O^), and the tersulphide of 
arsenic and sulphide of sodium into arsenic and pentasulphide of arsenic 
and sulphide of sodium (5 As O, = 2 As + 3 As O^) ; and hy the action of 
the hydrogen the arsenate of soda is also converted into hjdrate of soda^ 
arsenic, and water. With the exception, therefore, of that portion of the 
arsenic which constitutes a component part of the double pentasulphide of 
arsenic and sulphide of sodium formed in the prooess, a sulphur salt which 
is not decomposed bj hydrogen, all the arsenic is expelled {H, Rose). 

This method of reduction gives indeed very accurate results, but it 
does not enable us to distinguish arsenic from antimony with a suffioient 
degree of certainty, nor to detect the one in presenoe of the other. 
(Oompare § 130, 5.) 

The Operation is conducted in the apparatus illustrated by 




Flg. 22. 

a is the evolution flask, b a tube containing chloride of calcium, c the 
tube in which, at the point d, the glass splinter with the mixture of 
tersulphide of arsenic and carbonate of soda is placed ; this tube is made 
of difficultly fusible glass free from lead. When the apparatus is com- 
pletely filled with pure hydrogen gas, d is exposed to a gentle heat at 
first, in Order to expel all the moisture which may still be present, and 
then suddenly to a very intense heat,* to prevent the Sublimation of 
undecomposed tersulphide of arsenic. The metallic mirror is deposited 
near the point e. Another method of effecting the reduction of ter- 
sulphide of arsenic to the metallic State, and which combines with the 
very highest degree of delicacy the advantage of precluding the possi- 
bility of confounding arsenic with antimony, will be found described in 
number 12. 

5, Sulphide of ammonium also causes the formation of tersulphidi 
OF ARSENIC. In neutral and alkaline Solutions, however, the tersulphide 

* The flame of the blowpipe answers the pnrpose best. 
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formed does not precipitate, but remains dissolved as a double sulphide 
of anenic and ammonium (tersulphide of arsenic and sulphide of ammo- 
nium). From this Solution it precipitates immediatelj upon the addition 
of a free acid 

6. Nitrate ofsüver leaves aqueous Solutions of arsenious acid perfectly 
bright, or at least produces only a trifling yellowish- white turbidity 
in tbem ; but if a little ammonia is added, a yellow precipitate of 
ABSENITB OF siLVEB (3 Ag O, As O,) Separates. The same precipitate 
forms, of course, immediatelj upon the addition of nitrate of silver to the 
Solution of a neutral arsenite. The precipitate dissolves readily in nitrio 
acid as well as in ammonia, and is not insoluble in nitrate of ammonia ; 
if therefbre a small quantity of the precipitate is dissolved in.a large 
amount of uitric acid, and the latter is afterwards neutralized with 
ammonia^ the precipitate does not make its appearance again^ as it 
remains dissolved in the nitrate of ammonia formed. 

7. Sulphate of copper produces under the same circumstances as the 
nitrate of silver a yellowish-gre^SL predpitate of arsenite of ooppbb. 

8. If to a Solution of arsenious acid in an excess of concentrated Solution 
of soda or potassa, or to the Solution of an alkaline arsenite mixed with 
caustic potassa or soda a few drops of a dilute Solution of sulphate of copper 
are added, a clear, blue fluid is obtained, wliich upon boiling deposits a red 
precipitate of suboxide of copper, leaving arsenate of potassa in Solu- 
tion. This reaction is exceedingly delicate, provided not too much of the 
Solution of sulphate of co{^>er be used. Even should the red precipitate 
of suboxide of copper be so exceedingly minute as to escape detection 
by transmitted light, yet it will always be disceruible with great dis- 
tinctness upon looking in at the top of the test tube. Of course this 
reaction, although really of great imporiance in certain instances, as a 
confirmatory proof of the presence of arsenious acid, and more particu- 
larly also as a meaus of distinguishing that acid from arsenic acid, is 
yet entirely inapplicable for the direct detection of arsenic, since gi'ape 
sugar and other organic substances also produce suboxide of copper from 
salts of oxide of copper in the same manner. 

9. If a Solution of arsenious acid mixed with hydrochlorio acid is 
heated with a clean slip of copper, an iron-oray fllm of metallic arsenic 
is deposited on the copper, even in highly dilute solutious ; wlien this 
film increases in thickness, it peels off in black scales. If the coated 
copper slip is heated with Solution of animonia, the film peels off from the 
copper, and separates in form of minute spangles {Eeinsch), Let it be 
observed that these are not pure arsenic, but always coutain copper, and 
will accordingly never completely volatilize. Upon heating them in a 
tube containing air, arsenious acid sublimes. 

10. If an acid or neutral Solution of arsenious acid or any of its com* 
ponnds is mixed with zinc, water, aud »ulphwrlc add, arsenetted 
HTDBOOEN (As H,) is formed, in the same manner as Compounds of 
antimony give under analogous circumstances antimonetted hydrogen. 
(Compare § 130, 10.) This reaction aflbrds us a most delicate test for the 
detection of even the most minute quantities of arsenic. 

The Operation is conducted in the apparatus illustrated by Fig. 23, or 
in one of similar construction.* a is the evolution flask; b a bulb in- 
tended to receive the water camed along with the gaseous current ; c a 

* I willingly adopt the very conyenient form of Marsh^s apparatus recommended bj 
Otto in his ezcellent Manual of Ckemistry. 

1 2 
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tnbe filled with cotton and small lumpa of chloride of calcium to remove 
wuter. Thia tube is conueoted with ( and d by vulcaiiized india-mbber ; 
d shonld have aa inner diameter of 7 millimHres (aee Fig. 24), and miut 




Pig. 23. 

be made of difficultly fnsible gloaa free fi-om lead. In experimente 

reqniiing gt-eat accumcy the tube Hhould be drawn out as ehown in 

Fig. 23. The Operation i» now commenced by evolving in a a mode- 

rale and uniform cmrent of hydrogen gas, from pure grannlated 

Osinc and concentrated flulphuric acid diluted with 3 parte of 
water. When the evolution of hjdrogen has prooeeded fbr 
Bome time, bo that ib may safely be concluded the air haa 
been completely expelled froiu the apparatua, the gaa is kindled 
Fig. 21. at the open end of the tube d. It ia advisable to wrap a piece 
of cloth round the flask before kindling the gas, to guard against 
accidentB in case of an exploaion. Itia now alräolubelj necessaiy first to 
aacertain whelher the zinc and the Bulphuric acid are quite free from 
anj admisture of arsenic This is done by depreBsing a poroelain 
diah horizontally upon the flame to make it spread over the aurface : 
ifthe hydrogen oontftina areenetted hydrogea, browniah er brownieh- 



bhwk stains of a 
of such Rtains may b 
aulpburic acid fi'oi 



ill appear on the porcelain ; the non-appearanoe 
consideröd aa a proof of the freedom of the zinc and 
In very accurate experimeuta, however, addi- 



e the poaitire ceptainty of the puritf 



tional evidence is required to 

of the reageuts employed ; for this purpose the part of the tube d, abowa 
in Fig. 23, is beated to redness with a Berzelius or gas-lamp, and kept 
some time in a etate of ignition : if uo arsenical coating makes its 
appearance in the narrowed part of the tube, the reagents employed may 
be pronouDced free from arsenic, and the Operation proceeded with, by 
pouring the fluid to be tested for arsenic througb the funnel tube into the 
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flask, and afterwards some water to rinse the tube. Onlj a verj little of 
the fluid ougbt to be poured in at first, as in cases where the quantity 
of arsenic present is considerable, and a somewhat large supply of the 
fluid is poured into the flask, the evolution of gas ofben proceeds with 
such violence as to stop the further progress of the experiment. 

Now if the fluid contains arsenic, there is immediately evolved, 
with the hydrogen, arsenetted hydrogen, which at once imparts a bluish 
tint to the flame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen in pass- 
ing through the flame. At the same time white fumes of arsenious 
acid arise, which condense upon cold objects. If a porcelain plate is now 
depressed upon the flame, the separated and not yet reoxidized arsenic 
condenses upon the plate in black stains, the same way as antimony. 
(See § 130, 10.) The stains formed by arsenic incline, however, more to 
a blackish-brown tint, and show a bright metallic lustre : whilst the anti- 
monial stains are of a deep black color and but feebly lustrous. The 
arsenical stains may be distinguished moreover from the antimonial 
stains by Solution of chloride of soda (compare § 130, 10), which will at 
once dissolve arsenical spots, leaving antimonial spots unaflected, or 
removing them only after a considerable time. 

If the heat of a Berzelius, or gas-lamp, is now applied to the part of 
the tube dy shown in Fig. 23, a brilliant arsenical mirror makes its 
appearance in the narrowed portion of the tube behind the heated part ; 
this mirror is of a darker and less silvery white hue than that produced 
by antimony under similar circumstances ; from which it is, moreover, 
distinguished by the facüity with which it may be dissipated in a current 
of hydrogen gas without previons fusion, and by the characteristic odor 
of garlic emitted by the escaping (nnkindled) gas. If the gas is kindled 
whilst the mirror in the tube is being heated, the flame will, even with 
a very weak current of gas, deposit arsenical stains on a porcelain 
plate. 

The reactions and properties just described are amply sufficient to 
enable us to distinguish between arsenical and antimonial stains and 
mirrors ; but they will ofben fail to detect arsenic with positive certainty 
in presence of antimony. Now, in cases of this kind, the foUowing 
process will serve to set at rest all possible doubt as to the presence or 
absence of arsenic : — 

Heat the long tube through which the arsenetted hydrogen passes to 
redness in several parts, to produce distinct metallic mirrors; then 
transmit through the tube a very weak stream of dry hydrosulphuric 
acid gas, and heat the metallic mirrors with a common spirit-lamip, 
proeeeding from the outer towards the inner border. If arsenic alone 
is present, yellow tersulphide of arsenic is formed inside the tube; 
if antimony alone is present, an orange-red or black tersulphide 
of antimony is produced ; and if the mirror consisted of both metals, the 
two sulphides appear side by side, the sulphide of arsenic as the more 
volatile lying invariably before the sulphide of antimony. It you now 
transmit through the tube containing the sulphide of arsenic, sulphide of 
antimony, or both sulphides together, dry hydrochloric gas, without 
applying heat, no altei-ation will take place if sulphide of arsenic alone is 
present, even though the gas be transmitted through the tube for a con- 
siderable time. If sulphide of antimony alone is present, this will 
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eotirely disappear, as already stated, and if both sulphides are present, 
ihe BUJphide of antimony will immediately volatilize; whilst the yellow 
sulphide of arsenic will remain. If a Bmall quantity of ammonia is now 
drawn into the tube, the sulphide of aruenic is dissolved, and may thns 
be readily distinguished from sulphiir which perhaps may bave separated. 
My personal expeiience has convinced nie of the infallibility of these 
oombined teste for the deteotion of arsenic. 

Marsh was the first who snggested the method of detecting arsenic bj 
the prodnction of arsenetted hydrogen. 

11. If a small lump of arseuious acid (a) be introduced into the pointed 
end of a drawu-out glass tube (Fig. 25) and a fagment of very re- 
oently bumt charooal (6) pushed down the tube to within a short 
distanoe of the arsenious acid, and the flame of a spirit-lamp applied, find; 
to the piece of oharcoal, then to the arsenious acid, a mirbob of ve- 
TALLic AB8ENI0 will form at e, owing to the reduction of the arsenious 
acid vapor by the red-hot oharcoal. If the tube be now cut between b 
and c, and then heated in an inclined position, with the cut end c tumed 
upwards^ the metallic mirror will volatilize, emitting the characteristic 
odor of garlio. This is both the simplest and safest way of detecting 
pure arsenious acid. 




Fig. 25. 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
together with a mixture of equal parts of dry carbonate o/soda and ct/a- 
nide of potassium, the whole of the arsenic is reduced to the metallio 
State, and so is the base also, if easily reducible ; the eliminated oxygen 
converts part of the Cyanide of potassium into cyanate of potassa. In 
the reduction of teraulphide of arsenic, sulphocyanide of potassium is 
formed. The Operation is conducted as follows : — iutroduce the perfectly 
dry arsenical Compound into the bulb of a small bulb-tube (Fig. 26), and 
Cover it with six times the quantity of a perfectly dry mixture of equal 
parts of carbonate of soda and Cyanide of potassium. The whole quantity 
must not much more than half-fiU the bulb, otherwise the fiising Cyanide 
of potassium is likely to ascend into the tube. Heat the bulb now 
gently with a gas or spirit-lamp ; should some water still escape upon 
gently heating th^ mixture, wipe the inside of the tnhe perfectly dry with a 
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twieted elip of paper. It is of the higheet importance for the suooeag 
of the experiment to beiitow great oare upon the expuleiou of the 
water, diying the miiture, imi wiping the tnbe cleon and dry. AppJy 
noir a strong heat to the bulb, to effeot the reduction of the arsenical 
oompoond, and contänue this for awhile, as the arseaic often requires 




Fig. 28. 

aome time for its complete Sublimation. The mirror, whioh is dtipoaited 
at b, is of exceediDg piirity. It ia ohtained from all araenites whose 
bases remain either altogether ontoached, or are reduoed to euch metsllio 
arsenides as lose their arsenic partly or totally upon the simple applioa- 
tion of heat. This method deeerTea tcbe partioularly reoommended on 
acoonnt of its simplicity and neatnens, sa well as for the accuracy of 
the resnlts attainabla by it, eTen in cases vrhere only vei-y minute 
quajitities of orsenio are preeent. It ia more efipeoially adapted for th« 
diirect production of arwmic from teraulphide of areenic, and is in this 
r^pect siiperior in simplicity and aocoracy to all otber methods hitherto 
auggested. The delicaoy of the reaction may be very much heigbtened 
by heating the mixtnre in a stream of dry carbonio aoid gas. A seriea 
of experiments made by Dr. V. Babo and myself has shown that the 
moet aooorate and satiefactory reanits are obtained in the following 
maniter: — 

Fig«. 27 and 28 show the apparatns in -which the prooese ia con 
ductod. 




.^ is a capaciouB flask intended for the evolution of carbonio aoid ; it 
B half-filled with water and Inmpa of solid limestone oc marble (not 
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chalk, fts this would not give a constant stream of gas). ^ is a smaller 
flask containing concentrated sulphurio acid. The flask Ä \a clcMsed with a 
double-perforated cork, into the one aperture of which is inserted a 
funuel-tube (a), which reaches nearly to the bottom of the flask ; into 
the other Perforation is fitted a tube (6), which serves to conduct the 
evolved gas into the sulphuric acid in B, where it is thoroughlj fireed 
from moisture. The tube c oonducte the dried gas into the reduction- 
tube C, of which Fig. 28 gives a representation on the scale of one-third 
of the actnal length. The tubes which I employ for the purpose in my 
own experiments, have an inner diameter of eight millim^tres. 




When the apparatus is fuUy prepared for use, triturate the per- 
feotly drj sulphide of arsenic, or arsenite in a slightly heated mortar with 
about twelve parts of a well-dried mixture cousisting of three parts of 
carbonate of soda and one part of Cyanide of potassium. Put the powder 
npoD a narrow slip of card-paper bent into the shape of a gutter, and 
push this into the reduction-tube down to e / turn the tube now half- 
way round its axis, which will cause the mixture to drop into the tobe 
between e and d, every other part remaining perfectly clean. Connect 
the tube now with the gas-evolution appai*atu8, and evolve a moderate 
stream of carbonic acid, by pouring some hydrochloric acid into the 
flask -4. Heat the tube C in its whole length very gently with a 
spirit-lamp, until the mixture in it is quite dry ; when every trace of 
water is expelled, and the gas -stream has become so slow that the Single 
bubbles pass through the sulphuric acid in B at intervals of one second, 
heat the reduction-tube to redness at c, by means of a spirit or gas-lamp ; 
when c is red-hot, apply the flame of a second gas or larger spirit-lamp 
to the mixture, proceeding from c? to e, until the whole of the arsenic is 
expelled. The far greater portion of the volatilized arsenic recondenses 
at hy whilst a small portion only escapes through % imparting to the 
surrounding air the peculiar odor of garlic. Advance the flame of the 
second lamp slowly and gradually up to c, by which means the whole of 
the arsenic which may have Condensed in the wide part of the tube 
is driven to h When you have eöected this, close the tube at the 
point i by fusion, and apply heat, proceeding from i towards Ä, by which 
means the extent of the mirror is narrowed, whilst its beauty and lustre 
are correspondingly increased. In this manner perfectly distinct mirrors 
of arsenic may be produced from as little as the ^^th part of a grain 
of tersulphide of arsenic. No mirrors are obtained by this process 
from tersulphide of antimony, nor from aiiy other Compound of antimony. 

13. If ai*senious acid or one of its Compounds is exposed on a charcoal 
Support to the redtidng ßame of the hlowpvpe^ a highly characteristic 
garlic odor is emitted, more especially if some carbonate of soda is added 
to the examined sample. This odor has its origin in the reduction and 
re-oxidation of the arsenic, and enables us to detect very minute quanti- 
ties. This test, however, like all others that are based upon the mere in- 
dications of the sense of smell, cannot be implicitly relied on. 
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§ 132. 
e, Arsenic Acid (AsOJ. 

1. Arsenic acid is a transparent or white mass, which gradually deli- 
quesces in the air, and dissolves slowly in water. It fuses at a gentle 
red heat without suffering decomposition ; but at a higher temperature 
it is resolved into oxygen, and arsenious acid, which volatilizes. It is 
highly poisonous. 

2. Most of the arsenates are insoluble in water. Of the so-called 
neutral arsenates those with alkaline bases alone are so! üble in water. 
Most of the neutral and basic arsenates can bear a strong red heat with- 
out suffering decomposition. The acid arsenates lose their excess of acid 
upon ignition, the free acid being resolved into arsenious acid and 
oxjgen. 

3. Hydrosvlphwric cbdd £uls to precipitate alkaline and neutral Solu- 
tions of arsenates ; but in acidified Solutions it produces a yellow precipi- 
tate of PENTASULPHIDE OF ARSENIC (As SJ. This precipitate never forms 
instantaneously, and in dilute Solutions frequently onlyafter the lapse of 
a considerable time (twenty-four hours, for instance). Heat promotes 
its Separation. The pentasulphide of arsenic manifests the same deport- 
ment as the tersulphide with the various solvents and decomposing agents 
mentioned in the preceding paragraph. If a Solution of arsenic acid, or 
of an arsenate, is mixed with sulphurous acid, or with sulphite of soda 
and some hydrochloric acid, the sulphurous acid is converted into sul- 
phuric acid, and the arsenic acid reduced to arsenious acid ; applica- 
tion of heat promotes the change. If hydrosulphuric acid is now added, 
the whole of the arsenic is thrown down as tersulphide. 

4. iSiUphide of ammonium converts the arsenic acid in neutral and 
alkaline Solutions of arsenates into pentasulphide of arsenic, which re- 
mains in Solution as ammonio-pentasulphide of arsenic (pentasulphide of 
arsenic and sulphide of ammonium). Upon the addition of an acid to 
the Solution, this double sulphide is deoomposed, and pentasulphide of 
arsenic precipitates. The Separation of this precipitate proceeds more 
rapidly than is the case when acid Solutions of arsenates are precipitated 
with hydrosulphuric acid. It is promoted by heat. 

5. Nitrate qfsilver produces under the circumstances atated § 131, 6, 
a highly characteristic reddish-brown precipitate of arsenate of silver 
(3 Ag O, As Og), which is readily soluble in dilute nitric add and in 
ammonia, and dissolves also slightly in nitrate of ammonia. Accord- 
ingly, if a little of the precipitate is dissolved in a large proportion of 
nitric acid, neutralization with ammonia often fails to reproduce the 
precipitate. 

6. Sulphate of copper produces under the circumstances stated § 131, 
7, a greenish-blue precipitate of arsenate of copper (2 Cu O, H O, 
AsO,). 

7. With zinc in presence of sulphuric acid, with copper, with Cyanide 
of potassmm, and before the hlowpipe, the Compounds of arsenic acid 
comport themselves in the same way as those of arsenious acid. If the 
reduction of arsenic acid by zinc is effected in a platinum dish, the pla- 
tinum does not tum black, as is the case in the reduction of antimony by 
zinc (§ 130, 8). 

8. If a Solution of arsenic acid, or of an arsenate soluble in water, i& 
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added to a clear mixture of sulphate qfmagnesia, cJdoride of a/mmwnium, 
and a sufficient quantity of arnrnonia, a cry stalline precipitate of abse- 

NATE OP AMMONIA AND MAGNESIA (2 Mg O, N H^ O, As O, 4- 12 aq.) 

separates ; from concentrated Solutions immediately, from dilute Solutions 
after some time. 

§ 133. 

RecapitvZation cmd remarka. — I have again made the 8eparati(Hi 
and positive Identification of the oxides belonging to the seoond divi- 
sion of the sixth group the object of a most careful study, and mj 
endeavors have been crowned with complete success. I will here 
describe first the different ways best adapted to effect the detection or 
Separation of tin, antiroonj, and arsenic, when present together ia the 
same Compound or mixture, and afterwards the most reliable means 
of distinguishing between the several oxides of each of the three 
metals. 

1. If you have a mixture of sulphide of tin, sulphide of antimony, 
and sulphide of arsenic, triturate 1 part of it, together with 1 part of dry 
carbouate of soda, and 1 part of nitrate of soda, and transfer the mixed 
powder gradually to a small porcelain crucible containing 2 parts of 
nitrate pf soda kept in a state of fusion at a not over-strong heat ; oxi- 
dation of the sulphides ensues, attended with slight deflagratioo. The 
fused masR contains binoxide of tin, arsenate and antimonate of soda, 
with sulphate, carbonate, nitrate, and nitrite of soda. Tou miist take 
care not to raise the heat to such a degree, nor oontinue the fusion so 
long, as to lead to a reduction of the nitrite of soda to the caostio 
State. Treat the fused mass, poured out upon a piece of porcelain, with 
cold water until it is completely sofbened ; then filter the fluid off from 
the undissolved residue, which contains the binoxide of tin and antimo- 
nate of soda nearly unacted on. Mix the fll träte, which contains the 
arsenate of soda and the other salts, with nitric acid to distinctly acid re- 
action, then with a sufficient proportion of Solution of nitrate of silver ; a 
precipitate of chloride of silver forms (if the reagents emploved or the 
precipitated sulphides contained a chlorine Compound) and some nitrite 
of silver. Filter, and carefully add to the fil träte dilute Solution of am- 
monia, whereupon the characteristic reddish-brown precipitate of arsenate 
of pxide of silver will make its appearance, first in the uppermost Stratum 
of the fluid where the Solution of ammonia comes first into icontact with it, 
but subsequently, upon complete neutralization of the free acid, in every 
part of the fluid. 

Wash now the filter containing the residuary binoxide of tin and anti- 
monate of soda once with water, then three times with a mixture of 
equal parts of water and spirit of wine, dry, incinerate,* and put 
the ash into a tube of difficultly fusible glass, sealed at one end, mea- 
suring some eight or ten centim^tres in length, and having an inner 
diameter of from five to seven millim^tres ; add to the ash in the ,tube 
four times the quantity of Cyanide of potassium, and heat over s, Berzelim 
or gas-lamp.t This effects the reduction of the binoxide of tin imd. 

* With small quantities of snbstance this may be done most conyeniQiitly by twiiting 
the little filter together, inserting it into a splrai coil of platinum wire, and holding this 
in the onter mantle of a flame. 

f Had not the nitrate of soda been removed by washing, as directed, this part of the 
process would be attended with au explosion. 
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antimonic acid, and a fased mass is produced which appean gray from 
Ihe minutely divided reduced metals in it. Tf the tabe is now dipped 
"whilst still red-hot into a test-tube fiUed with cold water, the part con- 
taining the f used mass will crack off, and the broken fragments sink to 
the bottom of the water. Upon application of heat, the ^ased mass will 
readily dissolve, leaying the metals behind, which may now by repeated 
boiling with water and deeantation be freed from the last traces of othei' 
matters still adhering to them. Heat the residuary metallic mass with 
liydrochloric acid just to the boiling point, when the tin or a portion of it 
will dissolve to protochloride, with evolution of hydrogen gas ; by means 
of chl<»ride of mercory or a mixture of ferricyanide of potassium and ses- 
quichloride of iron you may now easily, and with positive certainty, detect 
the protochloride of tin in the Solution, even though only a minute trace 
bf the metal be present. Upon heating the residue remaining in the 
tube repeatedly with hydrochloric acid, the whole, or nearly the whole 
of the tin present is diasolved out, and the black-colored antimony alone 
is left undissolved. lipon heating this residue with hydrochloric acid, 
with addition of one or two drops of nitric acid, it dissolves, and if you 
now add to the Solution hydrosulphurio acid, an oi'ange-colored pre- 
cipitate of tei'sulphide of antimony is obtained. If only slight traces of 
antimony are present, the color of this precipitate is not very distinct, 
owing to imperfect Separation from the tin. Let, therefore, the precipi- 
tate of the impure tersulphide of antimony settle, decant the clear fluid, 
dissolve ihe precipitate in a little boiling hydix)chloric acid, concentrate 
the Solution somewhat, and then test in the lid of a platiuum crucible 
with zino, which will at once remove all doubt, showing even the minutest 
trace of antimony. 

2. Instead of incinerating the Alter with the binoxide of tin and anti- 
tnonate of soda, you may also dissolve the precipitate on it in a little hot 
hydrochloric acid, wash the Alter with water, concentrate the fluid some- 
what, and test with zino in a small platinum dish, when the antimony 
will at once reveal its presence by staining the platinum brownish-black ; 
to detect the tin, waituntil the little slip of zinc is almost entirely dissolved, 
then decant the fluid, heat the residue with some hydrochloric acid, and 
test the Solution for protochloride of tin as in 1. 

3. If the quantity of binoxide of tin and antimonate of soda is some- 
what larger, the two bodies may be separated also by boiling with con- 
centrated Solution of soda, which dissolves the binoxide of tin, learing 
the antimonate of soda unaflected. It is advisable to add, after the 
process of boiling, some spirit of wine, say about ^ by volume of the 
entire fluid, to guard against the antimonate of soda being dissolved ; 
for the same reason the precipitate must be washed with equal volunles 
of water and spirit of wine. If the alkaline Solution is now evaporated 
to drive off the spirit of wine, hydrochloric acid then added, and lastly, 
hydrosulphurio acid, the tin is precipitated as sulphide; the antimony 
may in like manner be precipitated from the Solution of the anti- 
monate of soda in hydrochloric acid. 

4. If the mixed sulphides are treated with fuming hydrochloric acid, 
the sulphide of antimony and sulphide of tin dissolve, whilst the sulphide 
of arsenio is left nearly altogether undissolved. If the residuary sulphide 
of arsenic is treated with ammonia, and the Solution obtained evaporated, 
after adding to it a very little carbonate of soda, an arsenioal mirror 
may readily be produced from the residue with Cyanide of potassium and 
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oarbonate of soda in a stream of carbonic acid gas. The Solution, wliicli 
contains the tin and antimouj, may be treated as directed in 2. Or, if 
there is a considerable excess of antimony, the Solution may be mixed 
with sesquicarbonate of ammonia in excess, and boiled. A considerable 
Proportion of the antimony present dissolves in this procesa, whilst bin- 
oxide of tin nüxed with a small quantity of teroxide of antimony remains 
undissolved. The presence of the tin may now be the more readily 
proved by the method given in 1 (Bloxam), 

5. If uulphide of antimony, sulphide of tin, and sulphide of arsenic 
are dissolved in sulphide of potassium, a la/rge excess of a concentrated 
Solution of sulphurous acid added, the mixture digested for some time 
in the water-bath, then boiled imtil all sulphurous acid is expelled, and 
filtered, the fil träte contains all the arsenic as arsenious acid (which maj 
be precipitated from it by hydrosulphuric acid), whilst tersulphide of 
antimony and bisulphide of tin are left behind undissolved (Bunsen), 
After dissolving the residue in hydrochloric acid, the antimony and tin 
may be detected as directed in 2. 

6. In the analysis of alloys, binoxide of tin and teroxide of antimony 
are often obtained together as a residue insoluble in nitric acid. If the 
quantities are considerable, the teroxide of antimony may be extracted 
with tartaric acid, and the Solution tested for it with hydrosulphuric 
acid ; the binoxide of tin may be reduced with Cyanide of potassium. 
For minute quantities I recommend the method described in 1. An 
absolute Separation of the two oxides may be effected by fusing them 
with hydrate of soda in a silver crucible, treating the mass with water, 
and adding one-third (by volume) of spirit of wine. The binoxide of 
tin is by this means obtained in Solution as a Compound of binoxide of 
tin and soda, whilst the antimonate of soda is left undissolved (H, Rose). 

7. For the most accurate way of separating antimony and arsenic, and 
distinguishing between the two metals, viz., by treating with hydro- 
sulphuric acid the mirror produced by Ma/raKa method, and sepa- 
rating the resulting sulphides by means of hydrochloric acid gas, I refer 
to § 131, 10. Antimony and arsenic may, however, when mixed toge- 
ther in form of hydrides, be separated also in the foUowing way : 
Conduct the gases mixed with an excess of hydrogen, first through a 
tube containing glass splinters moistened with Solution of acetate of 
lead, to retain the hydrochloric and hydrosulphuric gas, then in a slow 
stream into a Solution of nitrate of silver. All the antimony in the gas 
falls down as black antimonide of silver, whilst the arsenic remains in 
Solution as arsenious acid, and may, after precipitation of the excess of 
silver by hydrochloric acid, be readily detected in the fluid. 

Frotoxide and binoxide qftin may be detected and identified in presence 
of each other, by testing one portion of the Solution containing both 
oxides for the protoxide with chloride of mercury, terchloride of gold or 
a mixture of ferricyanide of potassium and sesquichloride of iron, and 
another portion for the binoxide, by pouring it into a concentrated 
Solution of soda. 

Teroxide of antimony in presence of antimonic acid may be identified 
by the reaction described in § 130, 9. Antimonic acid in presence of 
teroxide of antimony , by heating the teroxide suspected to contain an 
admixture of the acid, but without any other admixture, with hydro- 
chloric acid free from chlorine, and iodide of potassium free from iodate 
of potassa. If antimonic acid is present, iodine will separate^ which^ in 
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the case of larger quantities of acid, may be known from the brown 
color exhibited by the fluid, in the case of only slight traces of acid, 
afber addition of a few drops of bLsulphide of carbon (see § 154, 10). 
{Bvmsen,) 

Araenious acid and arsenic acid in the same Solution may be distin- 
giiished by means of nitrate of silver. If the precipitate contains little 
arsenate and much arsenite of silver, it is necessary, in order to iden- 
tify the former, to add cautiously and drop by drop most hjghly dilute 
nitric acid, which dissolves the yellow arsenite of silver first. 

A still safer way to detect small quantities of ai-senic acid in presence 
of arsenious acid, is to precipitate the Solution which contains the two 
acids, with a mixture of sulphate of magnesia, chloride of ammonium, 
and ammonia. The precipitate formed may be further examined by dis- 
solving it in a very small quantity of nitric acid, mixing the Solution 
ÖL with nitAte of silver, and then very cautiously adding dilute ammonia, 
which will lead to the formation of a precipitate of brownish-red arsenate 
of silver, if arsenic acid is present. Arsenious acid in presence of arsenic 
acid may also be identified by the reduction of oxide of copper eflected 
by its agency. To distinguish between the ter- and the pentasulphide 
of arsenic, boil the potassia Solution of the sulphide of arsenic under 
examination with hydrate of teroxide of bismuth, filter off from the ter- 
sulphide of bismuth formed, and test the filtrate for arsenious and 
arsenic acids. If silver is to be used as the reagent to distinguiKh 
between the two acids in the filtrate, the sulphide of arsenic may also be 
dissolved in ammonia, the Solution mixed with nitrate of silver, the 
fluid filtered off from the sulphide of silver formed, and the filtrate cau- 
tiously tested with dilute nitric acid, to see whether a yellow or a brown 
precipitate or a mixture of both is produced. 

§ 134. 

SUPPLEMENT TO THE SIXTH GROUP. 
MoLYBDIC AOID (M0O3). 

Molybdenum is sil very- white, the protoxide of the metal (Mo 0) 
is black, the binoxide (Mo O,) dark brown. The metal and the two 
Oxides, when heated in the air, oxidize to molybdic acid (Mo O,). 
Molybdic acid is a white, porous mass, which in water separates as 
fine scales ; it fuses at a red-heat ; in close vessels it volatilizes only at a 
very high temperature, in the air easily at a red-heat, subliming to 
transparent laminsB and needles. The non-ignited acid dissolves in 
acids. The soMtions are colorless ; in contact with zinc or tin they 
first turn blue, then green, and ultimately black, with Separation of 
protoxide of molybdenum ; when digested with copper, they acquire a 
red tint, in consequence of ensuing reduction of the acid to binoxide. 
Ferrocyanide of potassium produces a reddish-brown precipitate, Infusion 
of galls a green precipitate. Hydrosulphuric acid, when added in small 
Proportion, imparts a blue tint to Solutions of molybdic acid; when 
added in larger proportion, it produces a brownish-black precipitate ; the 
fluid over the latter at first appears green, but after standing some time, 
and upon application of heat, it deposits an additional portion of brownish- 
black tersulphide of molybdenum (Mo S^). The precipitated tersulphide 
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of molybdenum dissolves in sulphides of the alkali metals ; acids re- 
precipitate from the sulphur salts the sulphur acid (Mo S,). When 
roasted at a red-heat in the air or heat^d with nitric acid, salphide of 
molybdenum is converted into molybdic acid. 

Molybdic acid dissolves readily in Solutions of pure alkalies and car- 
bonat^ of the alkalies ; from rather concentrated Solutions, sulphuric, 
nitric^ and hydrochloric acids throw down molybdic acid, which redis- 
solves upon further addition of the precipitant. The Solutions of 
molybdates of the alkalies are colored yellow by hydrosulphuric acid, 
and give afberwards, upon addition of acids, a brownish-black preci- 
pitate. For the deportuient of molybdic acid with phosphoric acid and 
ammonia, see § 143, 1 1. 

B. — Depobtment of the Acids and their Eadicals with 

Reaoents. 

§ 135. 

The reagents which serve for the detection of the acids are divided, 
like those used for the detection of the bases, into oeneral reagents, 
i. e,, such as indicate the group to which the acid under examination 
belongs ; and special reagents, i.6., such as serve to effect the detection 
and identification of the individual acid& The groups into which we 
classify the various acids can scarcely be defined and limited with the 
same degree of precision as those into which the bases are divided. 

The two principal groups iuto which acids are divided are those of 
iNORGANic and organic acids. We base this division upon those cha- 
lacteristics by which, irrespectively of theoretical considerations, the 
ends of analysis are most easüy attained. We select therefore here, as 
the characteristic mark to guide us in the Classification into organic and 
inorganic acids, the deportment which the various acids manifest at a 
high temperature, and call organic those acids of which the salts — (par- 
ticularly those which have an alkali or an alkaline earth for base) — are 
decomposed upon ignition, the decomposition being attended with Sepa- 
ration of carbon. 

By selecting this deportment at a high temperature as the distinctive 
characteristic of organic acids, we are enabled to determiue at once by a 
most simple preliminary experiment the class to which an acid belongs. 
The salts of organic acids with alkalies or alkaline earths are converted 
into carbönates when heated to redness. 

Before proceeding to the special study of the several acids considered 
in this work, I give here, the same as I have d'one with the bases, a 
general view of the wholeof themclassiüed in groups. 

« 
§ 136. 

CLASSIFICATION OF ACIDS IN GROUPS. 
I. Inorganic Acids. 

FIRST GROUP : 

Division a, Ärsenious acid, arsenic add, ckromic add (selenious acid, 
sulphurous and hyposulphurous acids, iodic acid). 

Division b. Sulphuric acid (hydrofluosilicic acid). 

Division c. Phosphoric acid, horacic acid, oxalio add, hydroflwyric 
add. 
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Division d, Carhonic acid, silicic acid, 

SECOND GBOUP : 

CMorine and hydrochloric acidy bromine and hydrohromic acid, iodine 
and hydriodic acid, cyanagen and hydrocyanic acid, together 
with hydroferrO' and hydroferricyanic acida, sulphur and 
hydrosulphuric acid (nitrous acid. and hypochlorous acid). 

THIRD GBOUP : 

I^ric acidy chloric acid. 
II. Orgakio Acids. 

FIRST GROUP : 

Oxalic acid, tartarie acid, citric acid, malic acid (racemic acid). 

SECOND GROUP '. 

Sttccinic a>cid, benzoic acid, 

THIRD GROUP : 

Aeelic acid,/ormic acid, 

I. Inorganic Acids. 

§137. 

First Group. 

Acids weich are precipitatbd from Neutral Solutions by 

Chloride of Barium. 

This group is a^ain subdivided into four divisions, viz. : 

1. Acids which are decomposed in acid Solution by hydrosulphuric acid, 
and to which attention has therefore been directed already in the 
testiug for bases, viz., arsenious äcid, arsenic acid, and chromic 
ACID. (In a Supplement, page 129, I give selenious acid, sulphurous 
acid, and hyposulphurous acid, the latter because it is decomposed 
and detected by the mere addition of hydrochloric acid to the Solution 
of one of its sults ; and also iodic acid.) 

2. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta Compounds of which are insoluble in hydrochloric 
acid. Of the acids claiming our attention here, sulphuric acid alone 
belongs to this class. (In a Supplement, page 132, I give hydro- 
fluosilic acid.) 

3. Acids which are not decomposed in an acid Solution by hydrosulphuric 
acid, and the baryta Compounds of which dissolve in hydrochloric 
acid, apparently without decomposition, inasmuch as the acids caniiot 
be completely separated from the hydrochloric acid Solution by heating 
er evaporation; these are phosphoric acid, boracic acid, oxalic 
ACID, and HYDROFLUORic ACID. (Oxalic acid belongs more properly to 
the organic group. We consider it, however, here with the acids of 
the inorganic class, as the property of its salts to be decomposed upon 
ignition without actual carbonization may lead to its being overlooked 
as an organic acid.) 

4. Acids which are not decomposed in acid Solution by hydrosulphuric 
acid, and the baryta salts of which are soluble in hydrochloric acid, 
WITH DECOMPOSiTiON (separation of the acid) : carbonic acid, silicic 

ACID. 
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First Division of the First Group ofthe Inorganic Acids, 

§ 138. 

a. Absekious acid and arsekic acid are, as we have seen above, de- 
composed by hydrosulphuric acid, and are precipitated bj that reagent 
respectively as ter- and pentasulphide of arsenic. As this would lead to 
confounding them rather with the metallic oxides thau with other acids, 
it bas been deemed more judicious to class these two acids witb the 
oxides of tbesixth group. (See § 131 and § 132.) 

h, Chromic Acid (Cr O,). 

1. Chromic acid presents the appearance of a scarlet-red crystalline 
niass, or of d istin et acioular crystals. TJpon ignition it is resolved into 
sesquioxide of chromium and oxygen. It deliquesces rapidly upou 
exposure to the air. It dissolves in water, imparting to the fluid a deep 
reddish-brown tint, which remains still visible in very dilute Solutions. 

2. The Chromates are all red or yellow, and for the most part insoluble 
in water. Part of them are decomposed upon ignition; those with 
alkaline bases are fixed, and soluble in water ; the Solutions of the 
neutral alkaline Chromates are yellow, those of the alkaline bichromates 
are red. These tints are still visible in highly dilute Solutions. The 
yellow color of the Solution of a neutral salt changes to red on the addi- 
tion of a mineral acid, owing to the formation of an acid Chromate. 

3. Hydrosulphuric acid reduces chromic acid readily when present in 
the Solution in the free state, more difficultly when present in form of a 
Chromate ; sesquioxide of chromium, water, and sulphuric acid are 
formed in this process, and sulphur precipitates. Heat promotes this 
decomposition. If no free acid is present, a greenish-gray precipitate is 
produced, oonsisting of a mixture of hydrated sesquioxide of chromium 
and sulphur. But if free acid is present, the precipitate is far less oon- 
siderable, and consists of pure sulphur. In the latter case, the salt of 
sesquioxide of chromium formed imparts a green tint to the fluid, 
which may lead to the erroneous iinpression that the precipitate itself is 
green. 

4. Chromic acid may also be reduced to sesquioxide of chromium by 
means of many other substances, and more particularly by sulphuraua acidf 
or by heating with hydrocMoric acid, especially upou the addition of 
alcohol (in which case chloride of ethyle and aldehyde are evolved) ; also 
by metallic zinc, or by heating with tartaric acid, oxalic a>cid^ &c. All 
these reactions are clearly characterized by the change of the red or 
yellow color of the Solution to the green tint of the salt of sesquioxide of 
chromium. 

5. Chloride qf barium produces a yellowish -white precipitate of Chro- 
mate OF BARYTA (Ba O, Cr Og), which is soluble in dilute hydrochloric 
acid and nitric acid. 

6. Nitrate of silver produces a dark purple-red precipitate of Chro- 
mate OF SILVER (Ag O, Cr O J, which is soluble in nitrio acid and in 
ammonia ; in acid Solutions it produces a precipitate of bichbomate of 
SILVER (Ag O, 2 Cr OJ. 

7. Acetate ofhad produces a yellow precipitate of Chromate of lead 
(Pb 0, Cr OJ, which is soluble in potassa, but only difficultly soluble in 
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iilute nitric acid. XJpon heating with alkalies, the yellow neutral salt 
3 converted into basic red Chromate of lead (2 Pb O, Cr O^). 

8. If insoliible Chromates are fased together with carbonate of soda 
md nürate of soda, and the fused mass is treated with water, the fluid 
>roduced appears yellow from the alkaline Chromate which it holds in 
Solution; upon the addition of an acid the yellow color changes to 
*ed. The oxides remain behind either in the pure state or as carbonates, 
f they are not soluble in the caustic soda formed from the nitrate. 



§ 139. 



JR&ma/rka, — When testing for bases, we always find the chromic acid as 
lesquioxide of chromium, since hydrosulphuric acid reduces it to that 
State. The characteristic color of the Solution frequently renders the 
•Lpplication of any further test unnecessary. The reactions with salts of 
süver and salts of lead aflbrd positive and confirmatory proof of the 
presence of chromic acid in aqueous Solutions. Acid Solutions are boiled 
with carbonate of soda in excess, and filtered ; the filtrate is acidified 
with acetic acid, and acetate of lead then added to it. If there is reason 
bo suppose that chromic acid is present in a Solution, metallic oxides 
being also present, it is preferable to effect the reduction of the chromic 
BMjid by means of hydrochloric acid and alcohol, or by sulphurous acid, 
Lnstead of reducing it by hydrosulphuric acid. 

§140. 

Supplement to the Mrst Division of the Mrst Group, 

a, Sdenious acid (Se 0,). Sublimed anhydrous selenious acid appears 

in form of white four-sided needles, its hydrate in form of crystals re- 

sembling those of nitrate of potassa. Both the acid and its hydrate dis- 

solve readily in water to a strongly acid fluid. Of the neuti*al salts only 

tbose with the alkalies are soluble in water. All selenites dissolve 

readily in nitric acid, with the exception of the selenites of lead and 

silver, which dissolve with difficulty. Hydrochloric acid, even when 

boiling, fails to decompose selenites; sulphuric acid decomposes them 

readily with the aid of heat. Hydrosulphuric acid produces in Solutions 

of selenious acid or of selenites (in presence of free hydrochloric acid) a 

yellow precipitate of sülphide of selenium, which, upon heating, tums 

reddish-yellow, and is soluble in sülphide of ammonium. Chloride o/ 

harium produces (after neutralization of the free acid, should any be 

present) a white precipitate of selenite of haryta, which is soluble in 

hydrochloric acid and in nitric acid. Protochloride of tin produces a 

red precipitate of selenium, which tums gray at a high temperature ; 

sulphurous acid produces the same precipitate. When exposed on a 

charcoal support to the reducing flame, the selenites evolve selenium, 

exhaling at the same time a characteristic odor of decaying horse« 

radish. 

h, ^hdphwrous acid (SO^) is a colorless, uninflammable gas, which 
exhales the stifling odor of burning sulphur. It dissolves copionsly in 
water. The Solution has the odor of the gas, reddens litmua paper, and 
bleaches Brazü-wood paper. It absorbs oxygen from the air, and is 

L K 
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thereby converted into sulphuric acid. The salts of sulphurous acld are 
colorless. Of the neutral sulphites those with alkaline base only are 
readily soluble in water ; many of the sulphites insoluble or difficultlj 
soluble in water dissolve in an aqueous Solution of sulphurous acid, but 
fall down again upon boiling. All the sulphites evolve sulphurous acid 
when treat^ with sulphuric acid or kydrochloric add. Chlorine uxUer 
dissolves most sulphites to sulphates. Chloride of bartiim precipitates 
neutral sulphites, but not free sulphurous acid. The precipitate dissolves 
in hydrochloric acid. Hydroaulphuric acid decomposes free sulphurous 
acid, water being formed and free sulphur eliminated, which latter 
separates from the fluid. If a trace of sulphurous acid or of a sulphite 
is introduced into a flask in which hjdrogen is being evolved from zim 
and hydrochloric add, hydrosulphuric acid is immediately evolved along 
with the hydrogen, and the gas now produces a black coloration or a 
black precipitate in a Solution of acetate of lead to which has been 
added a sufficient quantity of Solution of soda to redissolve the precipi- 
tate which forms at first. Sulphurous acid is a powerful reduciug 
agent ; it reduces chromic acid, permanganic acid, Chloride of mercury 
(to subchloride), decolorizes iodide of starch, produces a blue precipitate 
in a mixture of fendcyanide of potassium and sesquichloride of iron, &c. 
With a hydrochloric acid Solution of protochloride of tin, a brown pre- 
cipitate of PBOTOSULPHiDE OF TIN is formcd afber some time. 

c. Hyj>08ulphurou8 add (S^ OJ. This acid does not exist in the free 
State. Its salts are generally soluble in water. The Solutions of most 
hyposulphites may be boiled without suflering decomposition ; hypo- 
sulphite of lime is resolved upon boiling into sulphite of Urne and 
sulphur. If hydrochloric add or sidphuric add is added to the Solution 
of a hyposulphite, the fluid remains at flrst clear and inodorous, but after 
a Short time — ^theshorter the more concentrated the Solution — it becomes 
more and more turbid, owing to the Separation of sulphur, and exhales 
the odor of sulphurous acid. Application of heat promotes this decom- 
position. Nitrate o/eüver produces a white precipitate of hyposülphitb 
OF siLVER, which is soluble in an excess of the hyposulphite ; after a 
little while (upon heating almost immediately) the precipitate tums 
black, being decomposed into sulphide of sUver and sulphuric acid. 
Hyposulphite of soda dissolves chloride of silver ; upon the addition of 
an acid the Solution remains clear at flrst, but shortly, and upon boiling, 
immediately, sulphide of silver separates. Chloride of ba/ri'vm, produces 
A white precipitate, which is soluble in much water, more especially 
hot water, and is decomposed by hydrochloric acid. 

d, lodic add (I O^). lodic acid cryst^Ilizes in white, six-sided table» ; 
at a moderate heat it is resolved into iodine vapor and oxygen ; it is 
readily soluble in water. The salts are decomposed upon ignition, being 
resolved either into oxygen and a metallio iodide, or into iodine, oxygen, 
and metallic oxide ; the iodates with an alkaline base alone dissolve readily 
in water. Chloride of haHwra throws down from Solution of iodates of 
the alkalies a white precipitate .of iodate of babyta, which id soluble in 
nitric acid ; nitrate of dher, a white, granular-crystalline precipitate of 
IODATE OF siLVEB, which dissolvcs readily in ammonia, but only sparingly 
in nitric acid. ffydrostUphuric add throws down from Solutions of 
iodio acid and iodates iodine, which then dissolves in hydriodic acid ; if 
an excess of hydrosulphuric acid is added, the fluid loses its color, and 
0ulphur separates, the iodine being converted into hydriodic acid. Std^ 
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pJvwrous aad throws down iodine, which upon addition of an excess of 
the acid is oonverted into hjdriodic acid. 

Second Division qfthe First Group qftks Iriorgomic Äcids, 

§U1. 
SuLPHURic Acid (S O,). 

1. Anhydrous siilphuric acid is a wliite, feathery-crystalline mass, 
which emits strong fumes upon exposure to the air ; hjdrated sulpburic 
acid forms an oilj liquid, colorless aud transparent like water. Both the 
anhydrous and hydrated acid char organic substances, and combiue with 
'water in all proportions, the process of combination being attended with 
considei*able elevation of temperature, and in the case of the anhydrous 
acid, with a hissing noise. 

2. Most of the sulphates are soluble in water ; the insoluble sulphates 
are generally white ; the soluble sulphates, in the crystalline state, are for 
the most part colorless. The sulphates of the alkalies and alkaline earths 
are not decomposed upon ignition. 

3. Chloride o/barium produces even in exceedingly dilute Solutions of 
sulphuiic acid and of the sulphates a finely-pulverulent, heavy, white 
precipitate of sulphate dp babyta (Ba O, S O,), which is insoluble in 
hjdrochlorio acid and in nitric acid. From veiy dilute Solutions the 
precipitate sejiarates only after standing some time. In presence of the 
citrate of an alkali, the precipitate forms only afler addition of hydro- 
chloric acid (ßpOler), 

4. Acetate o/lead produces a heavy, white precipitate of sulphate op 
USAD (Pb O, S O,) which is sparingly soluble in dilute nitric acid, but 
dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphuric acid with the alkaline earths which are iuso- 
Inble in water and acids are converted into carbonates, by fusion with 
alkaline carboncUes, But the sulphate of lead is reduced to the State of 
PURE OXIDE when treated in this manner. Both the conversion of the 
former iuto carbonates, and the reduction of the latter to the State of 
oxide, are attended with the formation of an alkaline sulphate. The 
sulphates of the alkaline earths and sulphate of lead, are also resolved 
into insoluble carbonates and soluble alkaline sulphate when boiled with 
concentrated Solutions of carbonates of the alkalies. 

6. Upon fusing sulphates with carboncUe of soda on charcoal in the 
inner flame of the blowpipe, the sulphuric acid is reduced, and sulj>hide 
of sodium formed, which may be readily recognised by the odor of hy dro- 
mlphuric acid emitted upon moistening the sample and the part of the 
charcoal into which the fused mass has penetrated, and adding some acid. 
If the fused mass is transferred to a clean silver plate, or a polished 
silVer coin, and then moistened with water and some acid, a black stain 
of snlphide of silver is immediately formed. 



Bemarka. — ^The characteristic and exceedingly delicate reaction of sul- 
phuric acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to take 
care not to confound with sulphate of baryta, precipitates of chloride of 
bariiUD, and particolarly of nitrate of baryta, which are forined üpon 

K 2 
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mixing aqueons Solutions of these salts with fluids containing a large 
Proportion of free hydrochlorio acid or free nitric acid. It is veiy easy 
to distinguish these precipitates from sulphate of baryta, since they re- 
dissolve immediately upon diluting the acid fluid with water. To detect 
free sulphuric acid in presence of a sulphate, the fluid under examina- 
tion is mixed with a very little cane-sugar, and the mixture evaporated 
to dryness in a porcelain dish at 212° Fah. If free sulphuric acid was 
present, a black residue remains, or, in the case of most minute quantities, 
a blackish-green residue. Other free acids do not decompose cane-sugar 
in this way {Eujige). 

§ 142. 

Supplement to the Second Division o/tJie First Group, 

Hydropluosilicic Acid (H F, Si FJ. 

Hydrofluosüicic acid is a very acid fluid ; when evaporated on 
platinum, it volatilizes completely as fluoride of Silicon and hydro- 
fluoric acid. When evaporated on glass, it etches the latt«r. With 
bases it forms water and silico-fluorides of the metals, which are most of 
them soluble in water, redden litraus paper, and are resolved upon 
ignition into metallic fluorides and fluoride of Silicon. 

Chloride of harittm forms a crystalline precipitate with hydrofluo- 
süicic acid (§ 94, 6). Chloride of Strontium and acetate of lead form no 
precipitates with this acid ; salts of potassa precipitate transparent 
OELATiNOUs siLico-FLUORiDB OF potassiüm: ; ammonia in excess preci- 
pitates HTDRATED siLicic ACID, with formation of fluoride of ammonium. 
When metallic silico-fluorides are heated with concentrated sulphuric 
acid in a platinum vessel covered with glass, the glass is etched 
(§ 147, 5). 

Third Division ofthe First Group ofihe Inorgmiic Äcids. 

§ 143. 

a. Phosphoric Acid (PO,). 

1. Phosphorus is a colorless, transparent, solid body, of 2*089 specific 
gravity ; it has a waxy appearance. Taken intemally, it acts as a virulent 
poison. It fuses at 113°, and boils at 554° Fah. By the influence of 
light, phosphorus kept under water turns first yellow, then red, and is 
finally covered with a white crust. If phosphorus is exposed to the air, 
at the common temperature, it exhales a garlic odor, shines in the dark, 
and emits fumes of phosphorous acid, into which substance it is gradually 
entirely converted. Phosphorus very readily takes fire spontaneously, 
and burns with a luminous flame, beiug converted into phosphonc acid, 
which is dissipated for the most part in white fumes through the sur- 
rounding air. Nitric acid and nitrohydrochloric acid dissolve phosphorus 
pretty readily upon heating. The Solutions contain at flrst, besides phos- 
phoric acid, also phosphorous acid. Hydrochlorio acid does not dissolve 
phosphorus ; if phosphorus is boiled with Solution of soda or potassa, or 
with milk of lime, hypophosphites and phosphates are formed, whilst 
spontaneously inflammable phosphuretted hydrogen gas escapes. If a 
trace of phosphorus is put into a hydrogen gas-evolution apparatus sup- 
plied with pure zinc and pure dilute sulphuric acid, phosphide of 
hydrogen is evolved with the hydrogen, and the gas burns now with 
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a conical, emerald-green flame^ surrounded by an outer liardly visible 
pale blae luantle. The color does not lose in intensity upon trans- 
mitting the gaseous mixture over hydrate of potassa or caustic lime, 
which should always be done, in order to remove any hydrosulpliuric 
acid tbat may be evolved along with the other two gases. If the gas is 
not kindled, it shines in the dark. If it is received under water, it will 
form white fumes when it comes in contaet with the air {Du8ar£), For 
the deportment of phosphoric acid lipon boiling with düute sulphuric 
acid in a distilling apparatns, see § 225. 

2. Anhydroas phosphoric acid is a white^ snowlike mass^ which 
rapidly deliquesces in the air, and dissolves in water with a hiü'sing 
noise. It forms with water and bases three different series of Com- 
pounds : viz., with three equivalents of water or base, hydrate of com- 
mon phosphoric acid or common phosphates ; with two equivalents of 
water or base, hydrate of pyrophosphoric acid or pyrophosphates ; with 
one equivalent of water or base, hydrate of metaphosphoric acid or 
metaphosphates. 

The phosphates which we generally meet with in nature and in 
analyti(%d investigations belong, as a rule, to the tribasic series ; we 
therefore make them alone the object of a f ulier study in this place, 
jdevoting a supplemental paragraph to a briefer consideration of mono- 
basic and bibasic phosphoric acids, and their salts. 

3. The hydrate of common phosphoric acid (3 H O, P O^) forms color- 
less and p#llucid crystals, which deliquesce rapidly in the air to a syrupy 
non-caustic liquid. The action of heat changes it into hydrated pyro- or 
metaphosphoric acid, according as either one or two equivalents of 
water are expelled. Heated in an open platinum dish, the hydrate of 
common phosphoric acid, if pure, volatilizes completely, though with 
difficulty, in white fumes. 

4. The action of heat falls to decompose the tribasic phosphates with 
fixed bases, but converts them into pyrophosphates, if they contain one 
equivalent of basic water or ammonia, and into metaphosphates, if ^they 
contain two equivalents. The tribasic phosphates with alkaline base 
alone are soluble in water, in the neutral state. The Solutions manifest 
an alkaline reaction. If pyro- or metaphosphates are fused with car- 
bonate of soda, the fused mass contains the phosphoric acid invariably in 
the tribasic state. 

5. Chloride of bariwn produces in aqueous Solutions of the neutral or 
basic phosphates, but not in Solution of the hydrate, a white precipi- 
tate of PHOSPHATE OF BARYTA [2 Ba O, H O, P O, ; or 3 Ba O, P O J,* 
which is soluble in hydrochloric acid and in nitric acid, but difficultly 
soluble in chloride of ammonium. 

6. Solution o/stdpJuUe qflime produces in neutral or alkaline Solutions 
of phosphates, but not in Solutions of the hydrate, a white precipitate of 
PHOSPHATE op LIME (2 Ca O, H O, P Og or 3 Ca O, P O^) which dissolves 
readily in acids, even in acetic acid, but with difficulty in chloride of 
ammonium. 

7. tSulphate qfmagnesia produces in concentrated neutral Solutions of 
phosphates a white precipitate of Phosphate of Magnesia (2 Mg O, 
H O, P O, + 14 aq.), which often separates only after some time ; upon 

* Precipitates of the former compositioiL are prodnced in solntioDS containing an alkaline 
phpsphate with two equivalents of a fixed base or ammonia ; whilst precipitates of the 
latter eomposition are formed in Solutions which contain an alkaline phosphate with 
three ei^olTalents of a fixed base or ammonia. 



134 PHOSPHOBIO ACID. [§ 143. 

boiling, however, a precipitate of basic aalt (3 Mg O, P 0, + 5 aq.) is thrown 
down immediately. The latter precipitate forma also upon addition of sul- 
phate of magnesia to the Solution of a basic alkaline pfaosphate. Bnt if 
sulphate of magnesia, mixed with a snfficient quantitj of chloride of 
ammonium to leave the Solution clear upon addition of ammonia, is 
added to a Solution of free phosphoric acid or of an alkaline phosphate, 
and ammonia in excess is then added, a white, orystalline, and quic^lj 
subsiding precipitate of basic Phosphate of maonesia and akmonia 
(2 Mg O, N H^ O, P Oj + 12 aq.) is formed, even in highly dilute Solutions. 
This precipitate is insoluble in ammonia and most sparinglj soluble in 
chloride of ammonium, but dissolves readily in acids, even in acetic 
acid. It makes its appearance ofben only after the lapse of some time ; 
stirring promotes its Separation (see § 97, 7). 

8. N'ürate of süver throws down from Solutions of neutral and basic 
alkaline phospbates a light-yellow precipitate of Phosphate of silyer 
(3 Ag O, P O^), which is readilj soluble in nitric acid and in ammonia. 
If the Solution contained a basic phosphate, the fluid in which the preci- 
pitate is suspended manifests a neutral reaction ; whilst the reaction is 
acid if the Solution contained a neutral phosphate. The acid reaction in 
the latter case arises from the circumstance that the nitric acid receires 
for the 3 equivalents of oxide of silver which it yields to the 
phosphoric acid, onlj 2 eq. of alkali and 1 eq. of water ; and as the 
latter does not neutralize the acid properties of the nitric acid, the Solu- 
tion becomes acid. • 

9. Äceta^ of ^odf produces in neutral and alkaline Solutions of phos- 
pbates a white precipitate of phosphate of lbad (3 Pb O, P O,), which 
is readily soluble in. nitric acid, but nearly insoluble in acetic acid. It 
fuses before the blowpipe ; the cold beads exhibit brilliant feuaets. 

10. If to a Solution containing phosphoric acid and the least possihle 
eoccesa of hydrochloric or nitric acid, a tolerably large amount of acetate 
of soda is added, and then a drop of sesquichloride of iron, a yellowish- 
white, flooculent-gelatinous precipitate of phosphate of sesquioxide of 
iRON (FCj 0,, P Oj + 4 aq.) is formed. An excess of sesquichloride of iron 
must be avoided, as acetate of sesquioxide of iron (of red color) woold 
thereby be formed, in which the precipitate la not insoluble. This 
reaction is of importance, as it enables us to detect the phosphoric acid 
in pbosphates of the alkaline earths ; to eflect the complete Separation 
of the phosphoric acid from the alkaline earths, a sufficient quantity of 
sesquichloride of iron is added to impart a reddish color to the Solution, 
which Ls then boiled (whereby the whole of the sesquioxide of iron is 
thrown down, partly as phosphate, partly as basic acetate), and filtered 
bot. The fil träte contaius the alkaline earths as Chlorides. If you wish 
to detect, by means of this reaction, phosphoric acid in presence of a 
large proportion of sesquioxide of iron, boil the hydrochloric acid Solu- 
tion with sulphite of soda until the sesquichloride is reduoed to proto- 
chloride, which reduction is indicated by the decoloration of the Solu- 
tion ; add carbonate of soda until the fluid is nearly neutral, then acetate 
of soda, and finally one drop of sesquichloride of iron. The reason for 
this proceeding is, that acetate of protoxide of iron does not dissolve 
phosphate of sesquioxide of iron. 

11. If some molyhdate of ammonia is mixed in a test-tube with 
hydrochloric acid or nitric acid in sufficient quantity to redissolve the 
precipitate which flrst forms, and a little of a fluid containing phos- 
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pboric acid is then added, the fluid acquires a yellow color, and afker 
some time a yellow precipitate separates, which, in presence of molybdio 
acid in excess, is insoluble in acids, and contains holtbdio acid, ah- 
MONiA, AKD A LiTTLE PfiosPHORio ACID. Application of heat greatly 
promotes the reaction. This reaction is so delicate, that the phosphoric 
acid m&y be detected by its means in alniost all salts and most minerals 
oontaining it. As the yellow Compound is decomposed by free phos- 
phoric acid, an excess of the fluid containing the phosphoric acid must 
be carefully avoided. The yellow precipitate may, when it has subsided, 
be perceived even in dark-colored fluids {Svanherg and Struve), By washing 
it with a Solution of molybdate of ammonia, supersaturated with hydro- 
chloric acid, dissolving in ammonia, and adding a mixtiire of sulphate of 
magnesia, chloride of ammonium, and ammonia, phosphate of magnesia 
and ammonia is produced. 

12. If a finely powdered substance containing phosphoric acid (or also 
a metallic phosphide) is intimately mixed with 5 parts of a flux con- 
fiisting of 3 parts of carbonate of soda, 1 part of nitrate of potassa, and 
1 part of silicic acid, the mixture fused in a platinum spoon or crucible, 
the fused mass boiled with water, the Solution obtained decanted, car- 
bonate of ammonia added to it, the fluid boiled again, and the silicic 
acid which is thereby precipitated filtered off, the filtrate now holds in 
Solution alkaline phosphate, and may accordingly be tested for phos- 
phoric acid as directed in 11, or in some other way. 

13. White of egg is not precipitated by Solution of hydrate of tribasic 
phcsphoric acid, nor by Solutions of tribasic phosphates, mixed with 
acetic acid. 

§ 144. 
Supplement 

€u Bwasic phosphoric acid, The Solution of the hydrate 2 H O, P 0, 
is converted by boiling into Solution of the hydrate 3 H O, P O^. The 
Solutions of the salts bear heating without suffering decomposition ; but 
upon boiling witba streng acid, the phosphoric acid is convei-ted into the 
tribasic State. If the salts are fused with carbonate of soda in excess, 
tribasic phosphates are produced. Of the neutral pyrophosphates only 
those wJth alkaline bases are soluble in water ; the acid salts (e. g,, 
Na O, H O, P Oj) are by ignition converted into metaphosphates 
(Na O, P Og). CfUoride of ha/rium falls to precipitate the free acid ; 
from Solutions of the salts it precipitates pyrophosphatb of babyta 
(2 Ba O, P Oj). Nitrate qf silver throws down from a Solution of the 
hydrate, especially upon addition of an alkali, a white, earthy-looking pre- 
cipitate of PYROPHOSPHATB OF SILVER (2 Ag 0, P O^), which is solublc in 
nitricacid and in ammonia. Sulphate of inagneaia precipitates pyrophos- 
phatb OF MAGNESIA (2 Mg O, P ÜJ. The precipitate dissolves in an excess 
of the phosphate, as well as in an excess of the sulphate of magnesia. 
Ammonia falls to precipitate it from these Solutions. Upon boiling 
the Solution, it separates again. White of egg is not precipitated by 
Solution of the hydrate, nor by Solutions of the salts, mixed with acetip 
add. Molybdate of ammonia, with addition of hydrochloric acid, fidls 
to prodnce a precipitate. 

ß. Mqnohasic phosphoric a>cid. Five sorts of monobasic phosphates 
fu:e knpwn, aud the hydrates also of most of these have been produced,, 
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The several reactions by which to distinguish between these I will not 
enter upon here, and confine myself to the simple Observation that the 
monobasic phosphoric acids difier from the bibasic and tribasic phos- 
phoric acids in this, thafc the Solutions of the hydrates of the monobasic 
acids precipitate white of egg at once, and the Solutions of their salts, 
after addition of acetic aoid. Those hydrates and salts which are pre- 
cipitated by nUrctte of mioer produce with that reagent a white precipi- 
tate. A mixture of sulphate qfmagnesia, chloride of ammonium, and am- 
monia falls to precipitate the monobasic phosphoric acids and their salts, 
or produces precipitates soluble in chloride of ammonium. All mono- 
basic phosphates yield upon fusion with carbonate of soda tribasic phos- 
phate of soda. 

§ U5. 
6. BoRACic AciD (B OJ. 

1. Boracic acid, in the anhydrous state, is a colorless, fixed glass, fusible 
at a red heat ; hydrate of boracic acid (3 H O, 2 B 0,.) is a porous, white 
niass ; in the crystalline State (3 H 0, 2 B O, + 3 aq.), it presents small 
^scaly lamin». It is soluble in water and 'in spirit of wine ; upon evapo- 
rating the Solutions, a large proportion of boracic acid volatilizes along 
with the aqueous and alcoholic vapors. The Solutions redden litmas 
paper, and impart to turmeric paper a faint brown-red tint, which acquires 
intensity upon drying. The borates are not decomposed upon ignition ; 
those with alkaline bases alone are readily soluble in water. The Solu- 
tions are colorless, and all of them, even those of the acid salts, manifest 
alkaline reaction. 

2. Chloride o/barium produces in Solutions of borates, if not too highly 
dilute, a white precipitate of borate op ba.ryta, which is soluble in 
acids and ammoniacal salts. The formula of this precipitate when 
thrown down from Solutions of neutral borates, is Ba O, B O, + aq. ; 
when thrown down from Solutions of acid borates, 3 Ba O, 5 B O, + 6 aq. 
(ZT. Böse), 

3. Mitrale of sUver produces in concentrated soltitions of neutral 
borates of the alkalies a white precipitate, inclining slightly to yellow 
from admixture of free oxide of silver (Ag O, B O, + H O) ; in con- 
centrated Solutions of acid borates, a white precipitate of 3 Ag O^ 4 B 0,. 
Dilute Solutions of borates give with nitrate of silver a grayish-brown 
precipitate of oxide of silver {H. Rose), All these precipitates dissolve 
in nitric acid and in ammonia. 

4. If siUphuric acid or hyd/rochloric acid is added to highly concen- 
trated, hot prepared Solutions of alkaline borates, the boracic acid 
separates upon cooling, in the form of shining crystalline scales. 

5. If alcohol is poured over free boracic acid or a borate — with addi- 
tion, in the latter case, of a aufficient qiuintity of concentrated sutphwric 
acid to liberate the boracic acid — and the alcohol is kindled, the flame 
appears of a very distinct yellowish-green color, especially upon stirring 
the mixture ; this tint is imparted to the flame by the ignited boracic 
acid which volatilizes with the alcohol. The delicacy of this reaction 
may be considerably heightened by heating the dish which contains the 
alcoholic mixture, kindling the alcohol, allowing it to bum for a short 
time, then extinguishiug the flame, and afterwards rekindling it. At the 
flrst flickering of the flame its borders will now appear green, even though 
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fche quantitj of the boracic acid be so minute that it falls to produce a 
perceptible coloring of the flame^ when treated in the iisual manner. As 
salts of copper also impart a green tint to the flame of alcohol^ tbe copper 
whicb migbt be present must first be removed by means of hydrosul- 
phuric acid. Presence of raetallic Chlorides also maj lead to mistakes, 
as the Chloride of ethjle forined in that case colors the borders of the 
flame greenish. 

6. If the Solution of a borate is mixed with hjdrochloric acid to 
BÜght, but distinct, acid reaction, and a slip of turmeric paper is half 
dipped into it, and then dried on a watch-glass at 212'^ Fah., the dipped 
half shows a brown-red tint {H, Rose), 

This reaction is verj delicate ; care must be taken not to confound 
the characteristic brownish-red coloration with the blackish-brown color 
"which turmeric paper acquires when moistened with rather ooncentrated 
hjdrochloric acid/and then dried. 

7. If a substance containing boracic acid is reduced to a fine powder, 
this, with addition of a drop of water, mixed with a flux composed of 
4^ parts of bisulphate of potassa and 1 part of finely pulverized fluoride 
of calcium, free from boracic acid, and the paste exposed on the loo]) of a 
platinum wire to the inner flame of the blowpipe, fluoride of boron« 
escapes, which imparts to the flame — though onlj for a few instants — a 
yellow-green tint \Tvamer), 

§ 146. 
c. OxALic Acid (C, 0, = ü). 

1. The hydrate of oxalic acid (H O, C^ O,) is a white powder ; the 
crystallized acid (H O, C, O, -f- 2 aq.) forms colorless rhombic prisms. 
Both dissolve readily in water and in spirit of wine. When heated 
rapidly in open vessels, part of the hydrated acid undergoes decomposi- 
tion, whilst another portion volatilizes unaltered. The fumes of the 
volatilizing acid are very irritating and provoke coughing. If the 
hydrate is heated in a test-tube, the greater part of it sublimes un- 
altered. 

2. The whole of the Oxalates undergo decomposition at a red heat, the 
oxalic acid being converted into carbonic acid and carbonic oxide. Those 
with an alkali or an alkaline earth for base are in this process converted 
into carbonates (if pure, almnst without Separation of charcoal) ; those 
with a metallic base leave either the pure metal or the oxide behind, 
according to the greater or less degree of reducibility of the metallic 
oxida The alkaline Oxalates, and also some of the Oxalates with metallic 
bases, are soluble in water. 

3. Chloride of harium produces in neutral Solutions of Oxalates a white 
precipitate of Oxalate dp baryta (Ba 0,0 + aq.), which is soluble in 
nitric acid and in hydrochloric acid, but dissolves more sparingly in am- 
moniacal salts than borate of baryta. 

4. NUrcUe of silver produces in neutral Solutions of Oxalates a white 

precipitate of Oxalate dp silver (Ag 0, O), which is soluble in nitric 
acid and in ammonia. 

5. Lime-water and all the solvhle salts of Urne, and consequently also 
8okUi<m of sutphate of Urne, produce in even highly dilute Solutions of 
free oxalic acid or of Oxalates, white, flnely pulverulent precipitates of 
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OXAL&TE or LIHE (Ca 0, O), which dissolre veodily in hydroclilori 
and in nitric acid, bat &re nearly insolnble in oxolic seid Mid in 
seid. The preaence of salta of animoaia does not interf«re vith tli 
nution of theM precipitaies. Addition of ammonia considezabl; 
mote» tbe precipitation of tbe free oxalio acid by salts of lime. In . 
dilute Bolntions tbe precipitate is only formed aher Bome time. 

6. If hfdrated oxklic add (or an oxaiate), in the dry atete, ia 1 
with an exceSH of eoncentraUd ndphuric acid, the latter witfadraw; 
the oxa]ic acid ita constitutional wat«r, and thus cause« ite decompi 
into CABBOific ACID and cabbonio 03ide(C, 0, = CO + CO,), tl 
gaees escaping witb efiervescence. If the qnantity opersted npon 
too minute, the eacaping carbonic ozide gas nmy be kindled ; it 
with a blue flame. Shonld the »ulpbaric acidacqnire a dark color i 
reaction, this ia a proof tbat tbe ozalio acid contained aome o 
eubstance in admLxtnre. 

7. If oxalic acid or an Oxalate is mixed with eome finely pnli 
binoxide of manganeae (wbich mnat be free from cu-bou^es), a 
water added and a few drops of anlphoiic acid, a livety efferre 
entmes, canaed by the eacaping oarbonio acid (Mn 0, + C!, O -i 

• = Mn 0, S O, + 2 C QJ. 

8. If Oxalate of lime or any other inaolnble Oxalate ia boÜed i 
concentrated aolution of earbonale of eoda, and the fluid filtere 
oxslic acid ia obtained in the filtrate ia combination with aoda, 
tbe precipitate contüna the baae aa ozide or aa carbonate. 

§147. 
d. Hydbofldobic Acid (H F). 

1. Hydroäaoric acid is a colorleas, highly volatile fluid of pi 
oder ; it emits fiimes when exposed to the air, and is miaoible with 
in all proportiona. Hydrofluorie acid ia diAtingiiiahed &om all 
acids by the exclnrnve property it possessea of Uissolving cryst 
ailicic acid, and alao the Silicates which are insoluble in hydro< 
acid. Fluoride of Silicon and water are formed in the process of et 
(2 H F + Si O, = 8i P, + 2 H 0). Hydrofluorie acid decoi 
with metallic oxides in Ute same manner, metallic flnorides sad 
being formed. 

2. Tlie fluorides of tbe alkali metals are aoluble in water ; the boI 
have an alkaline reaction. The flaorides of tbe metals of tbe al 
earths are either alti^etber iuaolable in water, or they diasolre i 
meostnium only with very great difficulty. Fluoride of alumiu 
readily soluble. Most of the fluorides correaponding to the oxidet 
heavy metals are very difficultly soluble in water, fbr instauce, fluoi 
copper, leaU, and mic ; many other of the fluorides of the heavy 
dissolve in water witbont difficnlty, as, for instance, the sesquiflno 
iron, protofluoride of tin, fluoride of mercury, &c. Many of Üie fli 
insoluble or difficultly aoluble tu water dissolve in free hydrofluori 
others do not. ' Moat of the fluorides bear ignition in a crucibl< 
out aufiering decompositiDn. 

3. OUaride of barium precipitatea fl-ee hydrofluorie acid inoomj 
but npon addition of ammonia a, copious, white precipitate of fi>( 
OF BABiDM (Ba F) forma immediately, which is soluble in hydro 
licäd, and not. inatunble in chloride o( ai 
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4. Chhuide of calditm produces in aqueous Solutions of hydrofluoric 
acid or of fluorides a gelatinous precipitate of Fluoride of galoiuh 
(Ca F), whioli is so transparent, as at first to induce the belief that the 
fluid has remained pei-fectlj bright Addition of aminonia promotes the 
complete Separation of the precipitate. The precipitated fluoride of 
calcium is verj slightlj soluble in hydrochloric acid and nitric acid in the 
cold ; it dissolves somewhat more largely upon boiling with hydroohJoric 
acid. Ammonia produces no precipitate in the Solution, or only a very 
trifling one, as the salt of ammonia formed retains it in Solution. It is 
floarcelj more soluble in free hydrofluoric acid than in water. It is in- 
soluble in alkaline fluids. 

Ö. If a finely pulverized fluoride, no matter whether soluble or in- 
soluble, is treated in a platinum crucible with concentrated stdpJmric acid, 
the crucible covered with the convex face of a watcb-glass coated 
with bees-wax, which has been removed again in some plaoes by. traoing 
Hnes in it with a poiuted Instrument, *" the hollow of the glass filled 
with water, and the crucible gently heated for the space of half 
an hour or an hour, the exposed lines will, upon the removal of the 
wax, be found etched into the glass. If the quantity of hydrofluoric acid 
disengaged by the sulphuric acid was very minute, the etchiug is often^ 
invisible upon the removal of the wax ; it will, however, in such cases 
reappear when the plate is breathed upon. This reappearance of the 
etched lines is owing to the unequal capacity of condensing water which 
the etched and ihe Untouched parts of the plate respectively possess. 

This reaction (5) falls if there is too much silicic acid present, or if the 
body under examination is not decomposed by sulphuric acid. In such 
cases the one or the other of the two foUowing methods is resorted to, 
aooording to circumstances. 

6. If we have to deal with a fluoride decompoedble by sidphwnc add, 
bat mixed with a large proportion of silicic acid, the fluoriue in it may 
be detected by heating the mixture in a test-tube with concerUrcUed 
svlphuric add, as flüosilicic gas is evolved in this process, which forms 
dense white fumes in moist air. If the gas is conducted into water, 
through a bent tube moistened inside, the latter has its transparen cy 
more or less impaired, by the Separation of silicic acid. If the quantity 
operated upon is rather considerable, hydrate of silicic acid separates in 
the water, and the fluid is rendered acid by hydrofluosilicic acid. 

The foUowing process answers best for the detection of smaller quan- 
tities of fluorine. Add to the substance under examination some lumps 
of marble (to ensure a continuous slight evolution of gas), boil the mix- 
ture in a flask with concentrated sulphuric acid, conduct the gases 
evolved into Solution of ammonia, heat, filter, evaporate in a platinum 
crucible to dryness, and examine the residue by the method described in 
5. — In the case of more difficultly decomposable substances bisulphate of 
potassa is used instead of sulphuric acid, and the mixture, to which some 
marble is likewise added, heated to fusion, and kept in that State for 
some time. 

7. Compounds not decomposable by sulphuric acid must flrst be fused 

* The coating with wax may be readily eflfected by heating the glaas cautiously, pnttiog 
a smali piece of wax apon the convex face, aud spreading the fused mass equally over it. 
The insti-ament used for tracing the exposed lines should not he too hard ; a pointed 
piece of wood answers best. The removal of the wax coating is effected by heating the 
glass gently, and wiping the wax off with a clotb. 
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with four parte of carbonate of soda and potassa. The fosed mass is 
tireated with water, the Solution filtered, the fil träte concentrated by evapo- 
ration, allowed to cool, transferred to a platinum or silver vessel, hydro* 
chloric acid added to feebly aoid reaction, and the fluid allowed to stand 
until the carbonic acid has escaped. It is then supersaturated with am- 
monia, heated, filtered into a bettle, chloride of calcium added to the still 
hot fluid, the bettle closed, and allowed to stand at rest. If a precipitate 
separates after some time, it is collected on a Alter, dried, and examined 
bj the method described in 5. {H, Rose,) 

8. Minute quantities of roetallic fluorides in minerals, slags, <S^, may 
also be readily detected by means of the hlowpipe, To tbis eud, bend a 
piece of platinum foil, gutter-shape, then insert it in a glass tube as 

shown in Fig. 29, introduce the finely 
triturated substance mixed with pow- 
dered phosphate of soda and ammonia 
Fig. 29. fused on charcoal, and let the blowpipe 

flame play upon it in a manner to make 
the product of combustion pass into the tube. If fluorides of metals are 
present, hydrofluoric acid gas is evolved, which betrays its presence by 
its pungent oder, the dimming of the glass tube, and the yellow tint 
which the acid air issuing from the tube imparts to a moist slip 
of Brazil-wood paper* {Berzdiua, Smühaon). When Silicates containing 
metallic fluorides are treated in this manner, gaseous fluoride of Silicon 
is formed, which also colors yellow a moist slip of Brazil-wood paper 
inserted in the tube, and leads to silicic acid being deposited within the 
tube. After washing and drying the tube, the latter appears here and 
there dimmed. In the case of minerals containing water, presence of 
even a small proportion of metallic fluorides will, upon heating, even 
without addition of phosphate of soda and ammonia, usually suffice to 
color yellow a moistened slip of Brazil-wood paper inserted in the tube 
(Berzelius). 

§ 148. 

Reccupitulation and rema/rka. — The baryta Compounds of the acids oF 
the third division are dissolved by hydrochloric acid, apparently without 
undergoing decomposition ; alkalies therefore reprecipitate them un- 
altered, by neutralizing the hydrochloric acid. Tbe baryta Compounds 
of arsenious acid, arsenic acid, and chromic acid show, however, the 
same deportment ; these acids must, therefore, if present, be removed 
before any conclusion regarding the presence of phosphoric acid, boracic 
acid, oxalic acid, or hydrofluoric acid, can be drawn from the reprecipi- 
tation of a salt of baryta by alkalies. But even leaving this point alto- 
gether out of the question, no great value is to be placed on this reaction, 
not even so far as the simple detection of these acids is concemed, and 
far less still as regards their Separation from other acids, since ammonia 
fiails to reprecipitate from hydrochloric acid Solutions the salts of baryta 
in question, and more particularly the berate of baryta and the fluoride 
of barium, if the Solution contains any considerable proportion of free 
acid or of an ammoniacal salt. Boracic a,cid may be iuvariably detected 
by the characteristic tint which it communicates to the flame of alcohol, 
provided care be taken to concentrate the Solution sufficiently before 

* Prepared by moistemng slips of fine printing-paper with decoction of Brazil-wood. 
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adding the alcohol, and in the case of borates, to mix the Solution with 
a safficient amount of concentrated sulphuric acid. Solutions of fr^e 
boracic acid must be combined with an alkali before evaporating, otherwise 
a large portion of the acid will volatilize along with the aqueous vapors. 
Minute traces of boracic acid are more safelj detected by the method 
given § 145, 6. 

The detection oiphosphoric acid in Compounds sei üble in water is not 
difficult ; the reaction with sulphate of magnesia is the best adapted to 
effect the purpose. The detection of phosphoric acid in insoluble Com- 
pounds is somewhat more difficult ; but even here we have now some 
excellent tests, in the reaction with sesquichloride of iron and acetate of 
soda, and more particularly still in that with moljbdate of ammonia. 
With regard to the former of these two tests, I repeat here once more, 
that a sensitive reaction is not to be expected in a fluid colored red by 
acetate of sesquioxide of iron, as the latter (as well as acetate of alumina) 
dissolves phosphate of sesquioxide of iron ; the directions given in§ 143, 
10, must thereforebe strictly attended to. As regards the reaction with 
molybdate of ammonia, 1 must not omit to remark that, on acoount of 
its extraordinary sensitiveness, the greatest possible care and caution 
must be observed in the application of the test ; not but we may almost 
always or, at all events, in most cases (as arsenic acid shows the same 
deportment) assume the yellow color of the Solution or the forma- 
tion of the yellow precipitate to indicate the presence of phosphoric acid ; 
but that the reagent used may contain a trace of phosphoric acid, very 
slight perhaps, yet sufficient to be brought to light by this most delicate 
test ; the purity of the reagents used in the process must therefore 
always be ascertained with the greatest care, otherwise it may happen 
that the presence of phosphoric acid is erroneously assumed in a substistnce 
simply because one or other of the reagents employed contained a trace 
of that acid. It must also be borne in mind that the reaction is manifest 
only in presence of an excess of molybdic acid. If this point is lost sight 
of, the phosphoric acid may be readily overlooked in the very cases 
where it is present in the largest proportion. Oxalio acid may always 
be easily detected in aqueous Solutions by Solution of sulphate of lime. 
The forraation of a finely pulverulent precipitate, insoluble in acetic acid, 
leaves hardly a doubt on the point, as racemic acid alone, which occurs 
so very rarely, gives the same reaction. In case of doubt, the Oxalate of 
lime may be readily distinguished from the paratartrate, or racemate, by 
simple ignition, with exclusion of the air, as the decomposed paratartrate 
leaves a considerable proportion of charcoal behind ; the paratartrate dis- 
solves moreover in cold Solution qf potassa or soda, in which Oxalate of 
lime is insoluble. The deportment of the Oxalates with sulphiiric acid, 
or with binoxide of manganese and sulphuric acid, aflbrds also sufficient 
means to confirm the results of other tests. In insoluble salts the oxalic 
acid is detected most safely by decomposing the insoluble Compound by 
boiling with Solution of carbonate of soda. I must finally also call atten- 
tion here to the fact that there are certain soluble Oxalates which are not 
precipitated by salts of lime ; these are more particularly Oxalate of 
sesquioxide of chromium, and Oxalate of sesquioxide of iron. Their non- 
precipitation is owing to the circumstauce that these salts form soluble 
doublo salts with Oxalate of lime. In salts decomposable by sulphuric 
acid, the hydrofluoric acid is readily detected ; only, it must be borne in 
mind that the glass cannot be distinctly etched, if, instead of hydrofluoric 
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gas, fluosilicic gas alone is evolved ; and therefore, in the caae of com- 
ptunds aboundmg in silica, the Bafer way is to try, besides the reaction 
given § 147, 5, also the one given in § 147, 6. In Silicates which are 
not decomposed by sulphuric acid, the presence of fluorine is often over- 
looked, because the analyst omits to examine the Compound oarefolly by 
the method given § 147, 7. 

Fcmrth Division o/the First Gr&ujp ofthe Inorgamc Acids. 

§ 149. 
a. Caebonic Acid (C J. 

1 . Carbon is a solid, tasteless, and iuodorous body. The rery highest 
degrees of heat alone can effect its fusion and yolÄtilization (Despräz), 
Carbon is oombustible, and yields carbonic acid when bumt with a suffi- 
cient supply of oxygen or atmospheric air. In the diamond the carbon 
is orystallized, transparent, exceedingly hard, difficulüy oombustible ; in 
the form of graphite, it is opaque, blackish-gray, soft, greasy to the toucb« 
difficultly oombustible, and stains the fingers ; as charcoal, produced by 
the decomposition (destructive distillation) of organic matters, it is black, 
opaque, noncrystalline-— ofben dense, e^ining, difßcultly combustible — 
ofben porous, dull, readily combustible. 

2. Carbonic acid, at'the common temperature and common atmospheric 
pressure, is a colorless gas of far higher specific gravity than atmospheric 
air, so that it may be poured from one vessel into another. It is almost 
inodorous, has a sourish taste, and reddens meist litmus-paper ; but the 
red tint disappears again upon drying. Carbonic acid is readily absorbed 
by Solution of potassa ; it dissolves pretty copiously in water. 

3. The aqueous Solution of carbonic acid has a feebly acid, pungent 
taste ; it transiently imparts a red tint to litmus-paper, and colors Solution 
of litmus ;wine-red ; it loses its carbonic acid upon the application of heat^ 
and also when shaken with air in a half-filled bettle. Part of the car- 
bonates lose their carbonic acid upoa ignition ; those with colorless 
Oxides are white or colorless. Ofthe neutral carbonates, enly those with 
alkaline bases are soluble in water. The Solutions manifest a Very streng 
alkaline reaction. Besides the carbonates with alkaline bases, those also 
with an alkaline earth for base, and some of those with a metallic base, 
dissolve as acid or bicarbonates. 

4. The carbonates are decomposed by all free CKsids soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid. The 
decomposition of the carbonates by acids is attended with effebves- 
CENCE, the carbonic acid being disengaged as a colorless and almost 
inodorous gas, which transiently imparts a reddish tint to Utmus-paper. 
It is uecessary to apply the decomposing acid in excess, especially when 
operating upon carbonates with alkaline bases, since the formation of 
bicarbonates will frequently prevent effervesoence, if too little of the 
decomposing acid be added. Substances which it is intended to test for 
carbonic acid by this method, should first be drenched with water, to 
prevent any mistake which might arise from the escape of air-bubbles 
upon treating the dry substances with the acid. If it is wished to deter- 
mine by a direct experiment whether the disengaged gas is really car- 
bonic acid or not, this may be readily accomplished by dipping the end 
of a glass rod in baryta- water, and inserting the rod into the test-tube, 
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bringing the moistened end near the surface of the fluid in the tube, 
when ensuing turbidity of the baryta-water ou the glass rod will prove 
that the evolved gas is really carbonic acid, since 

5. Lime-ioater and baryta-UHUery when broiight into contact with 
carbonic acid or with soluble carbonates, produce white precipitates of 
neutral carbonatb dp lime (Ca 0, O,), or neutral carbonatb dp 
barYta (Ba O, C O,). When testing fbr free carbonic acid, the rCagents 
ought always to be added in excess, as the acid carbonates of the alka- 
line earths are soluble in water. The precipitated carbonates of lime 
and baryta dissolve in acids, with effervescence, and are not reprecipitated 
from such Solutions by ammonia^ afber the complete expulsion of the car- 
bonic acid by ebullition. 

6. Chloride qf calcium and chloride of ha/rium immediately produce in 
Solutions of neutral alkaline carbonates, precipitates of carbonate op 
LIMB or of CARBONATE OP BARTTA ; in dilute Solutions of bicarbonates 
these precipitates are formed only upon ebullition ; with free carbonic 
acid these reagents give no precipitate. 

§ 150. 
h. SiLicic Acid (Si O^, 

1. Silicic acid is colorless or white, even in the hottest blowpipe flame 
unalterable and iniiisible. It fuses in the flame of the oxyhydrogen 
blowpipe. It is met with in two modifications (raore correctly speaking, 
in the crystalline and in the amorphous state). It is insoluble in water 
and acids, with the exception of hydrofluoric acid ; whilst its hydrate is 
soluble in acids, but only at the moment of its Separation. The amor- 
phous silicic acid and the hydrate dissolye in hot aqueous Solutions of 
caustic alkalies and of flxed alkaline carbonates ; but the crystallized 
acid is insoluble or nearly so in these fluids. If either of the two is 
fused with pure alkalies or alkaline carbonates, a basic Silicate of the 
alkali is obtaiued, which is soluble in water, aud from which acids again 
separate hydrated silicic acid. The Silicates with alkaline bases alone 
are soluble in water. 

2. The Solutions of the alkaline Silicates are decomposed by all acids, 
If a large proportion of hydrocliloric acid is added at once to even con- 
oentrated Solutions of alkaline Silicates, the separated silicic acid remaius 
in Solution ; but if the hydrochloric acid is added gradually drop by 
drop, whilst stirring the fluid, the ^eater part of the silicic acid sepa- 
rates as gelatinous hydrate. The more dilute the fluid, the more silicic 
acid remains in Solution, and in higJdy dilute Solutions no precipitate is 
formed. But if the Solution of an alkaline Silicate, mixed with hydro- 
chloric or nitric acid in excess, is evaporated to dryness, silicic acid 
separates in proportion as the acid escapes ; upon treating the residue 
with hydrochloric acid and water, the silicic acid remains in the free 
jtate (or, if the temperature in the process of drying was restricted to 
212°, as hydrate, H O, 4 Si OJ, as an insoluble white powder. Chloride 
of ammonium produces in rather concentrated Solutions of alkaline Sili- 
cates precipitates of hydrate of silicic acid. 

3. Part of the Silicates insoluble in water are decomposed by hydro- 
chloric acid or nitric acid, part of them are not affected by these acids, 
not even upon boiling. In the decomposition of the former, the greater 
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portion of the silicio acid separates usuallj as gelatinous, more rarely as 
pulverulent hydrate. To effect the complete Separation of the silicic 
acid, the hydrochloric acid Solution, with the precipitated hjdrate of 
silicic acid suspended in it, is evaporated to dryness, the residue heated at 
a temperature above the boiling point of water until no more acid fiimes 
escape, then moistened with hydrochloric acid, heated with water, and 
the fluid containing the bases filtered from the residuary insoluble 
silicic acid. 

4. Of the Silicates not decomposed by hydrochloric acid, many, e. g., 
kaolin, are complet^ly decomposed by heating with hydrated sulphuric 
acid, the decoraposition being attended with Separation of silicic acid in 
the pulverulent form ; many others are acted upon to some extent by 
this reagentw 

5. If any Silicate, reduoed to a üne powder, is fused with 4 parts of 
carboncUe of potassa cmd soda until the evolution of carbonic acid bas 
ceased, and the fused mass is then boiled with water, the greater por- 
tion of the silicic acid dissolves as alkaline Silicate, whilst the alkaline 
earths, the earths proper, and the heavy metallic oxides are left undis- 
solved. If the fused mass is treated with water, then, without previous 
filtration, hydrochloric or nitric acid added to strongly acid reaction, 
and the fluid treated as directed in 3, the silicic acid is left undis- 
solved, whilst the bases are dissolved. If the powdered Silicate is fused 
with 4 parts of hydrate of baryta, the fused mass digested with water, 
with addition of hydrochloric or nitric acid, and the acid Solution treated 
as directed in 3, the silicic acid separates, and the bases, especially the 
alkalies, are found in the filtrate. 

6. If hydrofluoric acid, in aqueous Solution or in the gaseous State, is 
made to act upon finely pulverized Silicates, fluosilicic gas escapes, and the 
bases are converted into silicofluorides, which upon heating with hydrated 
sulphuric acid chauge to sulphates, with evolution of fluosilicic gas. If 
the powdered Silicate is mixed with 5 parts of fluoride of calcium in 
powder, the mixture made into a paste with hydrated sulphuric acid, 
and heat applied (best in the open air), until no more fumes escape, the 
whole of the silicic acid present volatilizes as fluosilicic gas. The bases 
present are found in the residue as sulphates, mixed with sulphate 
of lime. 

7. If silicic acid or a Silicate is fused with ca/rhonate of soda on the 
loop of a platinum wire, a frothing is observed in the fiising bead, owiug 
to the disengagement of carbonic acid. If the proper proportion of car- 
bonate of soda is not exceeded, the bead of Silicate of soda formed in 
the process will reraain transparent on cooling. 

8. PhospJuUe of 8oda and amnwniaf in a state of fusion, &ils nearly 
altogether to dissolve silicic acid. If therefore silicic acid or a Silicate is 
fused, in small fragments, with phosphate of soda and ammonia on a pla- 
tinum wire, the bases are dissolved, whilst the silicic acid separates and 
floats about in the clear bead, as a more or less transparent mass, exhi- 
biting the shape of the fragment used in the experiment. 

§ 151. , 

Recapitvlation and rewa/rka, — Free carbonic acid is readily known by 
its deportment with lime-water; the carbonates are easily detected by 
the evolution of a nearly inodorous gas, which takes place when they 
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are treated with acids. Whea operating upon Compounds which, 
besides carbonio acid, evolve otber gases, tbe disengaged gas is to be 
tested witb lime-water or baryta-water. Silicic acid, botb in the free 
State and in Silicates, may usually be readily detected by the reaction 
with phosphate ofsoda and ammonia. It differs moreover from all other 
bodies in the form in which it is always obtained in analyses, by its 
insolubility in acids (except hydrofluoric acid), and its solubility in 
boiling Solutions of pure alkalies and alkaline carbonates. 

second group of the inorganic acids. 

Acids which are precipitated by Nitrate of Silver, büt not by 
Chloride of Barium : Hydrocldoric Acid, Hydrohromic Acid, Hy- 
driodic Acid, Hydrocyanic Acid, Hydro/erro- and Hyd/roferricyanic 
Acid, HydrosvlphuriG Acid. 

§ 152. 

The silver Compounds corresponding to the acids of this group are in- 
soluble in dilute nitric acid. The acids of this group decompose with 
metallic oxides, the metals combining with the chlorine, bromine, 
cyanogen, iodine, or sulphur, whilst the oxygen of the metallic oxide 
forma water with the hydrogen of the hydracid. 

a. Hydrochloric Acid (H Cl). 

1. Chlorine is a heavy, yellowish-green gas of a disagreeable, suffo- 
cating odor, and which has a most injurious action upon the respiratory 
Organs; it destroys vegetable colors (litmus, indigo-blue, &c.)j it is in- 
combustible, and supports the combustion of few bodies only. Minutely- 
divided antimony, tin, &c., spontaneously ignite in it, being converted 
into Chlorides. It dissolves pretty largely in water ; the chlorine water 
formed has a faint yellowish-green color, smells strongly of the gas, 
bleaches vegetable colors, is decomposed by the action of light (§ 25), 
and loses its odor when shaken with mercury ; in this process the latter 
is converted into a mixture of subchloride and metallic mercury. Small 
quantities of chlorine may be readily detected in a fluid, by adding the 
latter to a Solution of pure protoxide of iron, mixed with sulphocyanide 
of potassium : the Solution is at onee colored red by the action of the free 
chlorine ; — or, in the absence orf nitric acid, by adding the fluid to a dilute 
Solution of iodide of potassium, mixed with starch-paste. (See § 154, 9.) 

2. Hydrochloric acid, at the common temperature and common atmo- 
spheric pressure, is a colorless gas, which forms dense fumes in the air, 
is suflbcating and very irritant, and dissolves in water with exceeding 
facility. The more concentrated Solution (fuming hydrochloric acid) 
loses a large portion of its gas upon heating. 

3. The neutral metallic Chlorides are readily soluble in water, with 
the exception of chloride of lead, chloride of silver, and subchloride of 
mercury ; most of the Chlorides are white or colorless. Many of them 
volatilize at a high temperature, without suffering decomposition ; others 
are decomposed upon ignition, and many of them are fixed. 

4. Nitrate of siher produces in even highly dilute Solutions of free 
hydrochloric acid or of metallic Chlorides white precipitates of chloride 
OF silver (Ag Cl), which upon exposure to light change fi rst to violet, 
then to black ; they are insoluble in nitric acid, but dissolve readily in 

I. l 
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ammonia, as well as in Cyanide of potassium, and fuse without decompo- * 
sition, when heated. (Coropare § 114, 7). 

Ö. NUrate of suhoxide of mercwry and cbcetcUe of lead produce in Solu- 
tions containing free hydrochloric acid or metallic chlorides precipitates 

of BUBCHLORIDE OF MERCURT (Hg, Cl) and CHLORIDE OF LEAD (Pb Cl). 

For the properties of these precipitates see § 115, 6, and § 116, 7. 

6. If hydrochloric acid is heated with binoxide of mangarkesey or a 
Chloride with bmoxide of inanganeae and svlphwric acid, chlorine gas is 
evolved, which may be readily recognised by its odor and yellowish- 
GREEN color. 

7. If a metallic chlor ide is triturated together with chromcUe of 
potasaa, the mixture treated with concentrated sulphy/ric aeid, in a tubu- 
lated retort, and a gentle heat applied, a deep brownish-red gas is copiously 
evolved (biohromate of trrchloride of chromium, Cr Cl,, 2 Cr 0,), 
which condenses into a fluid of the same color, and passes over into the 
receiver. If this Chromate of terchloride of chromium is mixed with 
ammonia in excess, a yellow-colored liquid is produced ; the yellow tint 
is imparted to the fluid by the Chromate of ammonia which forma in 
this process ; upon the addition of an acid, the color of the Solution 
changes to a reddish-yellow, owing to the formation of acid Chromate of 
ammonia. 

8. In the metallic chlorides insoluble in water and nitric acid, the 
chlorine is detected by fusing them with carbonate of soda and potassa, 
and ti;eating the fused mass with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal formed 
in the process of fusion. 

9. If in a bead ofphosphate ofsoda cmd am/monia on a platinum wire, 
oxide ofcopper be dissolved in the outer blowpipe flame in sufficieut 
quantity to make the mass nearly opaque, a trace of a substance contain- 
ing chlorine added to it while still in fusion, and the bead tben exposed 
to the reducing flame, a flne blue-colored flame, inclining to pubple, 
will be Seen encirding it so long as chlorine is present (Berzelius). 

§ 153. 
b, Hydrobromio Acid (H Br). 

1. Bromine is a heavy, reddish-brown fluid, of a very disagreeable chlo- 
rine-like odor; itboils at 116-6° F., and volatilizes rapid ly even at the 
common temperature. The vapor of bromine is brownish-red. Bromine 
bleaches vegetable colors like chlorine ; it is rather difiicultly soluble in 
water, but dissolves more easily in alcohol, and very readily in ether. 
The Solutions are yellowish-red. 

2. Hydrobromic acid gas, its aqueous Solution, and the metallic 
bromides ofler in their general deportmeut a great analogy to the cor- 
responding chlorides. 

3. Nitrate of silver produces in aqueous Solutions of hydrobromic acid 
or of bromides a yellowish-white precipitate of bromide of silver 
(Ag Br), which changes to violet upon exposure to light; this preci- 
pitate is insoluble in nitric acid, and somewhat difficultly soluble in 
ammonia, but dissolves with facility in Cyanide of potassium. 

4. Nitrate of protoxide of palladium, but not protochloride of palla- 
dium, produces in neutral Solutions of metallic bromides a reddish-brown 
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precipitate of protobromide op Palladium (Pd Br). Tn ooncentrated 
Solutions this preoipitate is formed immediately, in dilute Solutions it 
makes its appearance only after standing some tima 

5. Nitric acid decomposes hydrobromic acid and the bromides, "with 
the exception of bromide of silver and bromide of mercury, upon the 
application of heat, and liberales the bromine, by oxidizing the hydrogen 
er the metal. The liberated bromine colors the Solution yellowish-red. 
When operating upon bromides in the solid state, brownish-red (if diluted, 
yellowish-red) vapors of bromine gas escape, emitting the odor of bromine ; 
these vapors, when evolved in sufiicient quantity, condense in the cold 
part of the test-tube to small drops. In the cold, even red fuming 
nitric acid fails to libemte the bromine oontained in rather dilute 
Solutions of metallic bromides. 

6. CMorine, in the gasecma State or in Solution, immediately liberates 
bromine in the Solutions of its Compounds j the fluid assuming a yellowish- 
red tint, if the quantity of the bromine present is not too minute. If a 
Solution of this kind is shaken together with some either, it loses its 
yellow color, the whole of the bromine present dissolving in the ether, 
which appears now distinctly yellow, even though but a very minute 
quantity of bromine be present. If the ethereal Solution of bromine is 
mixed with some Solution of potassa, and the mixture shaken, the yellow 
tint disappears again, and the Solution now contains bromide of potaa- 
sium and bromate of potassa. Upon evaporation and subsequent igni- 
tion of the residue, the bromate of potassa is oonverted into bromide of 
potassinm, and the ignited mass may then be further tested as directed 
in 7. A large excess of chlorine must be avoided in this experiment^ 
as chlorine water of a certain degree of concentration, when shaken with 
ether, always imparts a fiiint yellow tint to it. 

7. If bromides are heated with binoodde o/ manganese and concentrated 
mlphwric acid, brownish-red vapors of bromine are evolved. If the 
bromine is present only in very minute quantity, the color of these 
vapors is not visible. The experiment should, in that case, be con- 
ducted in a small retort, and the evolved vapors transmitted through a 
long glass con denser, and finally received into small test-tubes, contain- 
ing some starch moistened with water ; ^ince 

8. If moistened starch is brought into contact with free bromine, no 
matter whether in Solution or in the gaseous state, yellow bromide of 
BTAROH is formed. The coloration is not always instantaneous. The re- 
action is rendered most delicate by hermetically sealing the test-tube 
which contains the moistened starch and the fluid under examination, 
and then inverting it, so as to cause the meist starch to occupy the 
Upper part of the tube whilst the fluid occupies the bottom. The 
presence of even the slightest trace of bromine will now, in the course of 
from twelve to twenty-four hours, impart a yellow tint to the starch, 
which, however, after some time, will again disappear. 

9. If sulphuric acid ia poured over a mixture of a bromide with Chro- 
mate of potassa, and heat is then applied, a brownish-red gas is evolved, 
exactly as in the case of chlorides. But this gas consists of pure bro- 
mine, and therefore the fluid passing over does not tum yellow, but 
becomes colorless, upon supersaturation with ammonia. 

10. In the metaUic bromides which are insoluble in water and nitric 
acid, the bromine is detected in the same way as the chlorine in the 
corresponding chlorides. 

L 2 
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11. A phoaphate of 9oda and ammonia head saturated ttnth oadde qf 
coppeTf mixed with a substance contaiDing bromiue, and then ignited in 
the inner blowpipe flame, colors the flame blue, inclining to green, more 
particularlj at the edges {Berzdivs), 

§ 154. 
c. Hydriodic Acid (H I). 

1. lodine is a solid, soft body, of a pecnliarly disagreeable odor. It 
is generally seen in the form of black, shining, crystalline scales. It fnses 
at a gentle heat ; at a somewhat higher temperature, it is converted into 
iodine vapor, which has a beautiful violet-blue color, and condenses 
upou cooling to a black sublimate. Tt is very sparingly soluble in 
water, but readily in alcohol and ether ; the aqueous Solution is of a light- 
brown, the alcoholic and ethereal Solutions are a deep red-brown color. 
lodine destroys vegetable colors only slowly and imperfectly ; it stains the 
skin brown j with starch it fornis a Compound of an intensely deep blne 
color. This Compound is formed invariably when iodine vapor or a 
Solution containing free iodine comes in contact with starch, best with 
starch-paste. It is decomposed by alkalies, and also by chlorine and 
bromine. 

2. Hydriodic acid gas resembles hydrochloric and hydrobromic acid 
gas ; it dissolves copiously in water. The colorless hydrated hydriodic 
acid turns speedily to a reddish-brown when in contact with the air, 
owing to the formation of water, and a Solution of iodine in hydriodic 
acid. 

3. The iodides also correspond in many respects with the Chlorides. 
Of the iodides of the heavy metals, however, many more are insoluble in 
water than is the case with the corresponding Chlorides. Many iodides 
have characteristic colors. 

4. Nitrate of silver produces in aqueous Solutions of hydriodic acid and 
of iodides yellowish-white precipitatea of iodide of silver (Ag I), which 
blacken on exposure to light ; these precipitates are insoluble in dilute 
nitric acid, and very sparingly aolvble in ajamonia, but dissolve readily in 
Cyanide of potassium. 

o. Protochloride of palladium and nitrate of protoxide ofpalladium 
produce even in very dilute Solutions of hydriodic acid or metallic iodides 
a brownish-black precipitate of protiodide dp palladium, which dissolves 
to a trifling extent in saline Solutions (Solution of chloride of sodium, 
Chloride of magnesium, dcc), but is insoluble or nearly so in dilute cold 
hydrochloric and nitric acids. 

6. A Solution of 1 parfc of sulphate of oxide ofcopper and 2\ parts of 
grdphate of protoxide of iron throws down from neutral aqueous Solu- 
tions of the iodides sübiodide op copper (Cu^ I), in the form of a dirty- 
white precipitate. The addition of ammonia promotes the complete 
precipitation of the iodine. Chlorides and bromides are not precipi* 
tated by this reagent. 

7. Pure nitric acid, free from nitrous acid, decomposes hydriodic acid 
or iodides only when acfcing upon them in its concentrated form, particu- 
larly when aided by the application of heat. But nitroiLS acid and hypo- 
nUric a>cid decompose hydriodic acid and iodides with the greatest 
facility even in the most dilute Solutions. Colorless Solutions of iodides 
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therefore acquire immediately a brownish-red color, üpon addition of some 
red-fuming nitric acid, or a mixture of this with concentrated sulphuric 
acid or, better still, a Solution of hjponitric acid in hydrated sul- 
phuric acid or nitrite of potassa and some sulphuric or hydrochloric 
acid. From more concentrated Solutions the iodine separates under 
tbese circumstances in tbe form of small black plates or scales, whilst 
nitric oxide gas and iodine vapors escape. 

8. As the blue coloration of iödide of starcb remains still visible in 
much more highly dilute Solutions tban tbe yellow color of Solutions of 
iodine in water, the delicacy of the reaction just now described (7) is 
considerably heightened by mixing the fluid to be tested for iodine first 
with some thin, clear starck-paste, tben ädding one or two di'ops of 
dilute sulphuric acid, to make the fluid acid> and adding flnally one or 
ihe other of tbe reagents given in 7. Of the Solution of hyponitric acid 
in sulphuric acid a single drop on a glass rod sufSces to produce the reac- 
tion most distinctly. 1 can therefore strongly recommend this reagent, 
which was first proposed by Otto. Red fuming nitric acid must be added 
in some w hat larger quantity, to call forth the reaction in its highest in- 
teusity ; this reagent therefore is not well adapted to detect very mimite 
quantities of iodine. The reaction with nitrite of potassa also is very 
delicate. The fluid to be tested is mixed with dilute sulphuric acid or 
with hydrochlorie acid to distinctly acid reaction, and a drop or two of a 
concentrated Solution of nitrite of potassa is then added. In cases 
where the quantity of iodine present is very minute, the fluid tums 
reddish, instead of blue. An excess of the fluid containing nitrous acid 
or hyponitric acid does not materially impair the delicacy of the reac- 
tion. As iodide of starch dissolves in bot water to a colorless liquid, 
the fluids must of necessity be cold ; the colder they are, the more deli- 
cate the reaction. 

9. Chlorine gas and cMorine water decompose Compounds of iodine 
also, setting the iodine free j but if the chlorine is applied in excess, the 
libei*ated iodine combines with it to colorless chloride of iodine. A dilute 
Solution of a metallic iodide, mixed with starch-paste, acquires therefore 
upon addition of a little chlorine water at once a blue tint, but becomes 
colorless again upon addition of more chlorine water. As it is therefore 
difficult not to exceed the proper limit, especially where the quantity of 
iodine present is only small, chlorine water is not well adapted for the 
detection of minute quantities of iodine. 

10. If a Solution in which iodine has been set free by nitrous acid, 
chlorine, &c., is mixed with etiler^ and the mixture shaken, the ether 
dissolves the liberated iodine, and acquires thereby a reddish-brown or 
yellow color. The color imparted to the ether by iodine is much more 
intense than that imparted to thkt fluid by an equal quantity of bromine. 
If the Solution is mixed with some cldorofonn or bisulphide of Carbon^ 
and the mixture shaken. leaving a few drops of the reagent undissolved, 
these will subside to the bottom of the fluid, exhibiting a lighter or darker 
red color. This reaction also is very delicate. 

11. If metallic iodides are heated with concentrated stdphuric a^d , 
or with stUphuric a>cid and binoodde ofmanganese^ or with sulphuric acid 
and chroinäle of potassa^ iodine separates, which may be known by the 
color of its vapor and, in the case of very minute quantities, also by its 
action upon a slip of paper coated with starch-paste. 

12. The iodides which are insoluble in water and nitric acid comport 
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themselves upon fosion with carharuUe of soda a/ndpotcusa in the same 
manner as the corresponding chloridea 

13. A phosphate of soda and ammonia bead, saturated with oxide of 
oopper, when mixed with a substance containing iodine, and ignited 
in the inner blowpipe flame, imparts an intense oreek eolor to the 
flame. 

§ 155. 
d. Hydrocyakic Aom (H Cy). 

1. Cyanogen is a colorless gas of a peculiar, penetrating odor ; it bums 
with a crimson flame, and is pretty soluble in water. 

2. Hydroeyanic acid is a colorless, volatile, iiiflammable liquid, the 
odor of which reaembles that of bitter almonds ; it is miscible with 
water in all proportions ; in the pure state it speedily suflers decom- 
Position. It is extremely poisonous. 

3. The cyanides with alkalies and alkaline earths are soluble in water ; 
the Solutions smell of hydroeyanic acid. They are readily decomposed 
by acids, even by carbonic acid ; but ignition falls to deoompose them, 
if the access of air is precluded. When fused with oxides of lead, 
copper, antiraony, tin, <bc., the cyanides reduce these oxides, and are 
converted into cyanates. Only a few of the cyanides with heavy metals 
are soluble in water ; all of them are decomposed upon ignition, the 
cyanides of the noble metals being converted into cyanogen gas and 
metal, the cyanides of the other heavy metals into nitrogen gas and 
metallic carbides. Many of the cyanides with heavy metals are not 
decomposed by dilute oxygen acids,' and only with difficulty by conoen«- 
trated nitric acid. But hydrochloric acid and hydrosulphurio acid de- 
compose most of them readily and completely. 

4. The cyanides have a great tendency to combine with each other ; 
hence most of the cyanides of the heavy metals dissolve in Cyanide of 
potassium. The resulting Compounds are eitber : 

a. True double salts, Compounds of the second class, e.g., K Oy + Ni Cy. 
From Solutions of such double salts, acids, by decomposing the Cyanide 
of potassium, precipitate the metallic Cyanide which was oombined with 
it. — Or they are : 

b. Simple haloid salts, Compounds of the flrst class, in which a 
metal, e. y., potassium, is oombined with a Compound radical oonsisting 
of cyanogen and au other metal (iron, . cobalt, manganese, chromium). 
Compounds of this kind are the ferro- and ferricyanide of potassium, 
K, Cy, Fe or K, Cfy, and K, Cy, Fe, or K, Cfdy, cobalticyanide of potas- 
sium, K, Cy, Co,, &c. From Solutions of Compounds of this nature dilute 
acids do not separate metallic cyanides in the cold. If the potassium is 
replaced by hydrogen, peculiar hydracids are formed, which must not be 
confounded with hydroeyanic acid. 

We will now first consider the reaction of hydroeyanic acid and the 
simple cyanides, then, in an appendix to this paragraph, those of hydro^ 
ferro- and hydroferricyanic acid. 

5. Nitrate ofsilüer produces in Solutions of free hydroeyanic acid and 
of cyanides of the alkali metals white precipitates of oyanide of silyer 
(Ag Cy), which are readily soluble in Cyanide of potassium, dissolve with 
some difficulty in ammonia, and are insoluble in nitric acid ; these pre? 
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cipitates are decomposed upon ignition, leaving metallic silver "with some 
paracyanide of silver. 

6. If Solution ofsidphcUe o/protoxide o/iron which ha« been for some 
titne in contact with the air is added to a Solution of free hydrocyanic 
acid, no alteration takes place ; but if Solution o/potassa or soch' is now 
added, a bluish-green precipitate forms, which consists of a mixture of 
Prussian-blue (Fe^ Cfy,), and hydrate of protosesquioxide of iron. Upon 
now adding hydrochloric acid (best after previous application of heat), 
the hydrate of protosesquioxide of iron dissolves, whilst the Pbussian- 
BLUE remains undissolved. If only a very minute quantity of hydro- 
cyanic acid is present, the fluid simply appears green after the addition 
of the hydrochloric acid, and it is only after long standing that a trifling 
blue precipitate separates from it. The same reactions are observed 
when sulphate of protoxide of iron is added to the Solution of an alkaline 
Cyanide. 

7. If a liquid containing a small quantity of hydrocyanic acid or 
Cyanide of potassium is mixed with a small quantity (one or two drops) 
of yellow sulphide of ammonium and a trace of ammonia, and the mix- 
ture warmed in a porcelain dish until it has become colorless, sulpho- 
Cyanide of ammonium is formed, and the fluid, after being acidified with 
hydrochloric acid, acquirea a blood-red tint upon addition of sesqui- 
chloride of iron {Liebig). This reaction is exceedingly delicate. The 
following formula expresses the transformation of hydrocyanic acid into 
sulphocyanide of ammonium : N H^, S, + 2 (N H^, O) + 2 H Cy = 
2 (N H^, Cy S,) + N H^, S + 2 H O. If an acetate is present, the re- 
action takes place only upon addition of more hydrochloric acid. 

8. Neither of the above methods will serve to effect the detection of 
cyanogen in Cyanide of niercury. To detect cyanogen in that Com- 
pound, the Solution is mixed with hydrosulphuric acid : sulphide of mer- 
cury precipitates, and the Solution contains free hydrocyanic acid. In 
solid Cyanide of mercury the cyanogen iä most readily detected by heat- 
ing in a glass tuba Compare 3. 

Appendix. 

a. Hydroferrocyanic acid (2 H Cfy). Hydroferrocyanic acid is solu- 
ble in water. In Solutions of this acid or of soluble ferrocyanides, ses- 
quichloride of iron produces a blue precipitate of perrocyanide op iron 
(Fe^ Cfy,) ; suXpliate of oodde of copper, a brownish-red precipitate of 
FERBOCYAKIDE OP COPPER (Cu^ Cfy) j nitrate of silver, a white precipi- 
tate of PERROCYANIDE OP SILVER (Ag^ Cfy), which is insoluble in nitric 
acid and in ammonia, but dissolves in Cyanide of potassium. Insoluble 
ferrocyanides of metals are decomposed by boiling with Solution of soda, 
ferrocyanide of sodium being formed and the oxides thrown down. When 
heated with 3 parts of sulphate and 1 part of nitrate of ammonia, they 
yield sulphates of the metals contained in them, the whole of the cyanogen 
Yolatilizing in form of Cyanide of ammonium and the products of its 
decomposition (Bolley). 

6. Hyd/roferricycmic add. In the aqueous Solutions of hydroferri- 
cyanic acid and its salts, sesquichloride ofiron produces no blue precipitate; 
but stdphate of protoxide of iron produces a blue precipitate of proto- 
FERRICYANIDE OP IRON (3 Fe, Cfdy) ; stdphate ofcopper,B. yellowish-green 
precipitate of perricyanide dp copper (3 Cu, Cfdy), which is insoluble 
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in hydrochloric acid ; nürcUe of aüver, an orange-colored precipitate of "^ 
FERRiCTANiDE OF siLYEK (3 Ag, Ofdy), >^hich is insoluble in nitric acid, 
but dissolves readilj in ainmonia and in Cyanide of potassium. The in- 
soluble ferricyanides of metals are decomposed by boiling with Solution 
of soda, the metallic oxides being throwu down ; in the fluid filtered off ^" 
from them, either ferrocyanide of sodium alone is found, or a mixture of 
ferro- wibh ferricyanide of sodium. By heating with sulphate and nitrate 
of ammonia the feriicyanides are decomposed the same as the ferrocyanides. 

§ 156. 

e. Hydrosülphuric Acid (H S). 

Sv^phureUed Hydrogen, 

1. Sulphur is a solid, brittle, friable, tasteless body, insoluble in water. 
It occurs occasionally in the form of yellow or brownish crystals, or 
crystalline masses of a yellow or browni^ color, and occasionally in that 
of a yellow or yellowish- white or grayish-white powder. It melts at a mo- 
derate heat ; upon the application of a strenger heat it is converted into 
brownish-yellow vapors, which, in cold air, condense to a yellow powder, 
and on the sides of the vessel, to drops. Heated in the air, it bums 
with bluish flame to sulphurous acid, which betrays its presence in the 
air at once by its suffocating odor. Concentrated nitric acid, nitrohydro- 
chloric acid, and a mixture of chlorate of potassa and hydrochloric acid 
dissolve sulphur gradually, with the aid of a moderate heat, and convert 
it iuto sulphuric acid j in boiling Solution of soda sulphur dissolves to a 
yellow fluid, which contains sulphide of sodium and hyposulphite of 
soda ; in ammonia sulphur is insoluble. 

2. Hydrosülphuric acid, at the common temperature and under 
common atmospheric pressure, is a colorless, inflammable gas, soluble in 
water, and which may be readily recognised by its characteristic smell of 
rotten eggs ; it transiently imparts a red tint to litmus paper. 

3. Of the sulphides only those with alkalies and alkaline earths are 
soluble in water. These, and the sulphides of iron, mauganese, and zinc, 
are decomposed by düute mineral acids, with evolution of hydrosülphuric 
acid gas, which may be readily detected by its peculiar smell, and by its 
action upon Solution of lead (see 4). The decomposition of higher sul- 
phides is attended also with Separation of sulphur in a finely-divided 
State ; the white precipitate may be readily distinguished from similar 
precipitates by its deportment on heating. Part of the sulphides of the 
metals of the flfbh and sixth groups are decomposed by concentrated and 
boiling hydrochloric acid, with evolution of hydrosülphuric acid gas, 
whilst others are not dissolved by hydrochloric acid, but by concen- 
trated and boiling nitric acid. The Compounds of sulphur with mer- 
cury resist the action of both acids, but dissolve readily in nitrohydro- 
chloric acid. Upon the Solution of sulphides in nitric acid, and in 
nitrohydrochloric acid, sulphuric acid is formed, and the process of 
Solution is moreover attended, in most cases, with Separation of sulphur, 
which is readily recognised by its color and by its deportment upon 
heating. Many metallic sulphides, more especially of a higher degree 
of sulphuration, give a Sublimate of sulphur when heated in a test-tube. 

4. If hydrosülphuric acid, in the gaseous state or in Solution, isbrought 
into contact with nitrate ofsilver or acetate ofUad, black precipitates of 
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8ULPHU>£ OF siLVER or SULPHIDB OF LEAD are formed (see § 114 and 
§ 116). In oases therefore where the odor of the gas falls to afford suffi- 
cient proof of the presence of hydrosulphuric acid, these reageuts will 
remove all doubt. If the hydrosulphuric acid is present in the gaseous 
form, the air suspected to contain it is tested by placing in it a small 
slip of paper moistened with Solution of neutral acetate of lead and a 
little ammonia ; if the gas is present, the slip becomes covered with a 
thin, brownish-black, shining £lm of sulphide of lead. To detect a traoe 
of an alkaline sulphide in preseuce of a free alkali or an alkaliue car- 
bonate, the best way is to mix the fluid with a Solution of oxide of lead 
in Solution of soda, which is prepared by mixing Solution of acetate of 
lead with Solution of soda until the precipitate which forms at flrst is 
redissolved. 

5. If a fluid containing hydrosulphuric acid or an alkaline sulphide is 
mixed with Solution of soda, then with nüroprusaide of aodiwm* it ac- 
quires a fine reddish-violet tint. The reaction is very delicate ; but that 
with Solution of oxide of lead in Solution of soda is still more sensitive. 

6. If metallic sulphides are exposed to the oxidizing ßa/me of the 
Uotopipe, the sulphur bums with a blue flame, emitting at the same time 
the well-known odor of sulphurous acid. If a metallic sulphide is heated 
in a glass tube open at both ends, in the upper part of which a slip of 
blue litmus paper is inserted, and the tube is held in a slanting position 
during the Operation^ the escaping sulphurous acid reddens the litmus 
paper. 

7. If a finely-pulverized metallic sulphide is boiled in a porcelain dish 
with Solution of potassa, and the mixture heated to incipient fusion of 
the hydrate of potassa, or if the test specimen is fused in a platinum 
spoon with hydrate of potassa, and the mass is, in either case, dissolved 
in a little water, a piece of bright silver (a polished coin) put into the 
Solution, and the fluid warmed, a brownish-black fllm of sulphide of silver 
forms on the metal. This film may be removed afterwards by rubbing 
the metal with leather and quicklime (v. Kohdt), 

§ 157. 

Recapittdation amd remarha, — Most of the acids of the firat groupare 
also precipitated by nitrate of silver, but the precipitates cannot well be 
confounded with the silver Compounds of the acids of the second group, 
since the form er are soluhle in dilute nitric acid, whilst the latter are 
inaolvble in that menstruum. The preseuce of hydrosulphuric acid 
interferes more or less with the testing for the other acids of the second 
group ; this acid must therefore, if present, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free state, may be effected by 
simple ebullition ; and when present in the form of an alkaline sulphide, 
by the addition of a metallic salt, such as will not precipitate any of the 
other acids, or at least will not precipitat« them from acid Solutions. 
Hydriodic and hydrocyanic acids may be detected, even in presence of 
hydrochloric or hydrobromic acid, by the equally characteristic and deli- 
cate reactions with starch (with addition of a fluid containing nitrous 
acid), and with Solution of protosesquioxide of iron. But the detection 

* Nitropmsside of sodium being a reagent which can very well be dispensed with, I 
have omitted giviiig it a place among the reagents. 
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of ohlorine and bromine is more or less diflicalt in presence of icniine and 
(^anogen. These latter mnst therefore, if prenent, be removed first 
before the proper tests for chlorine and bromine oan be applied. The 
Separation of the cyanogen m&j be readily effected by Converting the 
whole of the radioals present into salts of silver, and igniting the mixed 
Compound prodnoed : the Cyanide of silver is deoomposed in this pro- 
cesB, whilst the chloride, bromide, and iodide of silver remain unaltcred. 
Upon fusing the ignited residue with carbonate of soda and potassa^ 
and boiling the fused mass with water, chloride, bromide, and iodide of 
the alkali metals are obtained in Solution. 

Bromine in presence of iodine and chlorine may, acoording to experi- 
ments recently made by me, be identified by the foUowing simple Opera- 
tion : Mix the fluid with a few drops of dilute sulphuric acid, then with 
some starch-paste, and add a little red fuming nitrio acid or, better still, 
a Solution of hyponitric acid in sulphuric acid, whereupon the iodine 
reactlon will show itself immediatoly. Add now chlorine water drop by 
drop until that reaction has disappeared ; and then add some more chlo- 
rine water to set the bromine also free, which may then be separated 
and identified by means of ether. Or the liberated iodine may also 
be removed first by means of ether, Chloroform, or bisulphide of 
carbon, and the fluid then tested for bromine, by means of chlorine water 
and ether. The iodine may be separated from the chlorine and bro- 
mine, by treating the mixed silver Compound with ammonia, but more 
accurately by precipitating the iodine as protiodide of copper. From 
bromine the iodine is separated most accurately by protochloride of 
palladium, which only precipitates the iodine ; from chlorine it is sepa- 
rated by nitrate of protoxide of palladium. Metallic Chlorides are 
detected in presence of metallic bromides by the reaction with Chromate 
,of potassa and sulphuric acid. 

§ 158. 
Supplement to the Second Group ofths Inorganic Acids, 

1. Nitroiba acid (N O,). Nitrous acid, in the free state, at the common 
teraperature, is a brownish-red gas. In contact with water it is converted 
into nitric acid, which dissolves, and nitric oxide gas, which remains 
nndissolved (3 N O, = N O^ + 2 N OJ. The nitrites are decomposed by 
ignition ; many of them are soluble in water, When nitrites or concen- 
trated Solutions of nitrites are treated with dilute sulphuric acid, it is 
not nitrous acid gas which is evolved, but nitric oxide gas, attended with 
formation of nitric acid. In Solutions of nitrites of the alkalies nitraU 
of silver produces a white precipitate, which dissolves in a very large 
Proportion of water, especially upon application of heat ; sulphate of 
protoxide of iron, upon addition of a small quantity of acid, produces 
a dark blackish-brown coloration, which is due to nitric oxide gas 
in the Solution of the sulphate of protoxide of iron. Hydrosulphuric 
(usid produces in neutral as well as in acid Solutions copious precipitates 
of sulphur, attended with formation of nitrate of ammonia. Solution 
of iodide of potassitt/m, mixed with starch-paste, is immediately colored 
blue by nitrites, upon addition of hydrochloric acid. For the deport- 
ment of nitrites with Solutions of cobalt, see § 108, 10. 

2. Hypochloroua acid (Ol O). Hypochlorous acid, at the common 
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temperature, is a deep yellowish-green gas of a disagreeable, irritating odor, 
similar to that of chlorine. It dissolves in water ; the dilute Solution 
bears distillation. The hypochlorites are usually fonnd in oombination 
with metallio Chlorides, as is the oase, for instance, in chloride of Urne, 
eau de Ja/üdle, <Ssc. The Solutions of hypoohlorites undergo altcration bj 
boiling, the hypochlorite being resolved iuto chloride of the metal and 
chlorate of the oxide, attended, in the case of concentrated^ but not in 
that of dihite Solutions, with evolution of oxygen. If a Solution of 
chloride of lime, &c., is mixed with hydrochloric acid or sulphurio acid, 
chlorine is disengaged, whilst addition of a little nitrio acid leads to the 
liberation of hypochlorous acid. Nitrate of ailver throws down from 
Solution of chloride of lime chloride of silver; nitrate oflead produces 
a precipitate which fix)m its original white changes gradually to orange- 
red, and ultimately, owing to formation of binoxide, to brown ; salts of 
protoxide of momganeae give brown- black precipitates of hydrate of 
binoxide of manganese, &c. Solutions of litmiis and indigo are decolorized 
even by the alkaline Solutions of hypoohlorites, but still more rapidly 
and oompletely upon addition of an acid. 

THIRD OROTTP OF THE INOROANIC ACIDS. 
ACIDS WHICH ARE NOT PRECIPITATED BY SaLTS DP BaRYTA NOR BT 

Salts of Silver : Nitric Acid, Chlorte Acid, 

§ 159. 
a. Nitric Acid (N OJ. 

1. Anhydrous nitric aciä crystallizes in six-sided prisms. It fiises at 
85-2° F., and boils at about 113° F. {Deville), The pure hydrate is a color- 
less, exceedingly corrosive fluid, which emits fumes in the air, exercises a 
rapidly destructive action upon organic substauces, and colors nitrogenous 
matter intensely yellow. Hydrate of nitric acid containing nitrous acid 
has a red color. 

2. AJl the neutral saJts of nitric acid are soluble in water j only some 
of the basic nitrates ai'e insoluble in this menstruum. All nitrates with- 
out exception undergo decomposition at an intense red heat. Those with 
alkaline bases yield at first oxygen, and change to nitrites, which are then 
further resolved into oxygen and nitrogen ; the others yield oxygen 
and nitrous or hyponitric acid. 

3. If a nitrate is thrown upon red-hot charcoal, or if charcoal or some 
organic subatance, paper for instance, is brought into contact yi^ith a 
nitrate in fusion, Deflagration takes place, i, e., the charcoal burns at 
the expense of the oxygen of the nitric acid, the combustion being at- 
tended with vivid scintillation. 

4r. Tf a mixture of a nitrate with Cyanide of potaaaium in powder is 
heated on a platinum plate, a vivid Deflagration will ensue, attended 
with distinct ignition and detonation. Even very minute quantities of 
nitrates may be detected by this reaction. 

5. If the Solution of a nitrate is mixed with an equal volume of concen- 
ti*ated sulphuric acid, free from nitric and hyponitric acid, the mixture 
allowed to cool, and a concentrated Solution ofstdphate of protoxide ofiron 
then cautiously added to it so that the fluids do not mix, the Stratum, 
where the two fluids are in immediate contact, shows a brown or, in cases 
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"where only a very minute quantity of nitric acid is present, a reddish 
color. In this process the nitric acid is decomposed by the protoxide of 
iron, tbree-fifbhs of its oxygen combining with the protoxide and Con- 
verting a portion of it into sesquioxide, whilst tbe remaining nitric oxide 
Combines with the remaining portion of the protoxide of iron, and forma 
with it a peculiar Compound, which dissolves in water, imparting a 
brownish-bLäck color to the fluid. 

6. If to the Solution of a nitrate some sulphuric acid is added, and as 
much soltUion of indigo in sulphuric acid as will impart a faint light- 
blue tint to the fluid, and the mixture is heated to boiling, the blue color 
changes to a faint yellowish tint, or the fluid becomes colorless. This 
change of color is owing to the oxidation of the indigo at the expense of 
the oxygen of the nitiic acid which is liberated by the sulphuric acid. 
It must be borne in mind, however, that several other substances also 
cause decoloration of Solution of indigo — free chlorine more particularly 
produces this effect. 

7. If a nitrate is mixed with copper fitinga^ and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube ac- 
quires a yellowish-red tint, owing to the nitric oxide gas which is liberated 
upon the oxidation of the copper by the nitric acid, combining with the 
oxygen of the air to nitrous acid. The coloration may be obsei^ved most 
distinctly by looking lengthways through the tube. 

8. If a little brucia is dissolved in concentrated sulphuric acid, and 
a little of a fluid containing nitric acid added to the Solution, the latter 
immediately acquires a magniflcent red color. This reaction is exceed- 
ingly characteristic. 

9. Very minute quantities of nitric acid may be detected also, by 
fusing the substance under examination with carbonate of soda and 
potassa at a moderate heat, extracting the mass, afber cooling, with water, 
iiltering, adding the flltrate to a Solution of iodide of potassium mixed 
with starch-paste, and then adding hydrochloric acid. In niaking the 
experiment, the Operator has to ascertain whether the Solution of iodide 
of potassium mixes with the hydrochloric acid without being colored 
blue by it, since this blue coloration would indicate the presence of 
iodic acid in the iodide of potassium, or of free chlorine in the hydro- 
chloric acid. 

§ 160. 
b. Chlorig Acid (Gl O,). 

1. Chloric acid, in its most highly concentrated Solution, is a yellow, 
oily flifid ; its odor resembles that of nitric acid. It first reddens litmus 
and then bleaches it. Dilute chloric acid is colorless and inodorous. 

2. All chlorates are soluble in water. When chlorates are heated to 
redness, the whole of their oxygen escapes and metallic Chlorides 
remain. 

3. Heated with charcoal or some organic substance, the chlorates 
DEFLAGRATE, and this with far greater violence than the uitrates. 

4. If a mixture of a chlorate with Cyanide of potassiv/m is heated on 
platinum foil, Deflagration takes place, attended with streng detona- 
tion and ignition, even thongh the chlorate be present only in very small 
quantity. This experiment should be made with very minute quantities 
only. 
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5. Free chloric acid oxidizes and decolorizes indigo in tbe same manner 
as nitric acid ; consequently if the Solution of a chlorate ia mixed with 
sulphnric acid and Solution of indigo, and the mixture heated, the same 
reaction is observed as with nitric acid (see § 159, 6). 

6. If the Solution of a chlorate is colored light-blue with Solution 
of indigo in sulphuric acid, a little dilute sulphuric acid added, and a 
Solution of sulphite of soda dropped cautiously into the blue fluid, the 
color of the indigo disappears immediately. The cause of this equally 
characteristic and delicate reaction is, that the sulphurous acid de- 
prives the chloric acid of its oxygen, thus setting free chlorine or a 
lower oxide of it, which then decolorizes the iudigo. 

7. When chlorates are treated with hydrocidoric acid, the constituents 
of the two acids transpose, forming water, chlorine, and chloro- 
chloric acid (2 Cl O^, Cl O^). Application of heat promotes the reaction. 
The test-tube in which the experiment is made becomes flUed in this 
process with a greenish-yellow gas of a very disagreeable odor resembling 
that of chlorine ; the hydrochloric acid acquires a greenish-yellow color. 

8. ConcentrcUed sulphuric acid, poured over a chlorate, converts two- 
thirds of the metallic oxide into a sulphate and the remaining one-third 
into Perchlorate j this conversion is attended, moreover, with liberation 
of chlorochloric acid, which imparts an intensely yellow tint to the 
sulphuric acid, and betrays its presence also by its odor and the green- 
ish color of the evolved gas. [3 (K O, Cl O,) + 4 S O, = (K O, 2 S O3) + 
K O, Cl O, + (Cl O^ Cl O,)]. The application of heat must be avoided 
in this experiment, and the quantities operated upon should be very 
small, since otherwise the decomposition might take place with such 
violence as to cause an explosion. 

§ 161. 

RecapitulcUion and remarks. — Of the reactions which have been sug- 
gested to effect the detection of nitric acid, those with sulphate of prot- 
oxide of iron and sulphuric acid, with copper filings and sulphuric acid, 
with brucia, and also those based upon the reduction of the nitrates to 
nitrites, give the most positive results ; with regard to deflagration with 
charcoal, detonation with Cyanide of potassium, and decoloration of Solu- 
tion of indigo, we have seen that these reactions belong equally to 
chlorates as to nitrates, and are consequently decisive only when no 
chloric acid is present. The presence of free nitric acid in a fluid may 
be detected by evaporating the fluid, in a porcelain dish on the water- 
bath, to dryness, having first thrown in a few quill-cuttings : yellow 
coloration of these indicates the presence of nitric acid {Runge). 
The be^t way to ascertain whether chloric acid is present or not, is 
to ignite the sample under examination, dissolve the mass, and test 
the Solution with nitrate of silver. If a chlorate is present, this is 
converted into a chloride upon ignition, and nitrate of silver will now 
precipitate chloride of silver from the Solution. However, the process is 
thus simple only if no chloride is present along with the chlorate. But 
in presence of a chloride, the latter must be removed first by adding 
nitrate of silver to the Solution as long as a precipitate continues to form, 
and filtering the fluid from the precipitate ; the filtrate is then, after 
additionofpure carbonate of soda, evaporated to dryness, and the residue 
ignited. It is, however^ generally unnecessary to pursue this circuitous 
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way, since the reactions with conceutrated salphuric acid, and with Indigo 
and sulphurous acid, are sufficienüy marked and characteristic to ajQfurd 
positive proof of the presence of chlorio acid. 

IL ORaANIO AciDS. 
First Group, 

ACIDS WHICH ARB INYARIABLT PREOIPITATED BT ChLORIDB OF CAL- 
CIUM : Oxalic Acid, Tartaric Acid {Faratartaric or Eacemic Acid), 
Citric Addf Jfalic Acid, 

§ 162. 

a, OxALio Acid. 

For the reactions of oxalic acid I refer to § 146. 

b. Tartaric Acid (2 H 0, 0, H^ O^.). 

1. The hydrate of tartaric acid forms colorless crystals of an agreeable 
acid taste, which are persistent in the air, and soluble in water and in 
spirit of wine. Tartaric acid when heated fuses at first, and afberwards 
becomes carbonized, eniitting during the proeess a very peculiar and 
highly characteristic odor, which resembles that of bumt sugar. 

2. The tartrates with alkaline base are soluble in water, and so are 
those with the metallic oxides of the third and fourth groups ; those of 
the tartrates which are insoluble in water dissolve in hjdrochloric or 
nitric acid. The tartrates sufiTer decomposition when heated to redness; 
charcoal separates, and the same peculiar odor is emitted as attends the 
carbonization of free tartaric acid. 

3. If to a Solution of tartaric acid, or to that of a tartrate, Solution of 
aesquioxide qfiron, protoxide ofmanganese or alumina is added, andthen 
ammonia or potassa, no precipitation of sesquioxide of iron, protoxide of 
manganese or alumina will ensue, since the double tartrates formed are 
not decomposed by alkalies. Tartaric acid prevents also the precipitatioo 
of several other oxides by alkalies. 

4. Free tartaric acid produces with salts ofpotoMa, and more particii- 
larly with the acetate, a difficultly soluble precipitate of bitahtrate of 
POTASSA. A similar precipitate is formed when acetate of potassa and 
free acetic acid are added to the Solution of a neutral tartrate. The 
acid tartrate of potassa dissolyes readily in alkalies and mineral acids; 
tartaric acid and acetic acid do not increase its solubility in water. The 
Separation of the bitartrate of potassa precipitate is greatly promoted by 
shaking, or by rubbing the sides of tbe vessel with a glass rod. 

5. Chloride of caldtmh throws down from Solutions of neutral tar- 
trates a white precipitate of tartrate of lime (2 Ca O, Cg H^ O^^ + 8 aq.). 
Presence of ammoniacal salts retards the formation of this precipitate 
for a more or less considerable space of tima Agitation of the fluid or 
friction on the sides of the vessel promotes the Separation of the pre- 
cipitate. The precipitate is crystalline or it invariably assumes a 
crystalline form after some time ; it dissolves in a cold not over 
dilute Solution of potassa or soda, pretty free from oarbonic acid, to a 
clear fluid. But upon boiling this Solution, the dissolved tartrate of 
lime separates again in the form of a gelatinous precipitate, which redis- 
flolves upon cooling. 
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6. Lime-water prodaces in Solutions of neutral tartrates — and also in 
a Solution of free tartaric acid, if added to alkaline reaction — white pre- 
cipitates which, flocculent at first, assume afterwarda a crystalline form ; 
80 long as they remain flocculent, tliey are readily dissolved by tartaric 
•acid as well as by Solution of chloride of ammonium. From these Solu- 
tions the tartrate of lime separates again, afber the lapse of several 
hours, in the form of small crystals deposited upon the sides of the vessel. 

7. Solution ofsvl/phode of Urne falls to produce a precipitate in a Solu- 
tion of tartaric acid ; in Solutions of neutral tartrates it produces a 
trifling precipitate after the lapse of some time. 

8. If Solution of ammonia is poured upon even a very minute quantity 
of tartrate of lime, a small fragment of crystallized nUrate qf sUiver 
added, and the mixture slowly and gradually heated, the sides of the 
test-tube are covered with a bright coating of metallic silver. If in- 
stead of a crystal, Solution of ni träte of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in pulverulent form 
{Arthur Ccissdmcmn), 

9. Acetate of lead produces white precipitates in Solutions of tartaric 
acid and its salts. The precipitate (2 Pb O, C, H^ O^^) dissolves readily 
in nitric acid and in ammonia. 

10. Nitrate of silver does not precipitate free tartaric acid ; but in 
Solutions of neutral tartrates it produces a white precipitate of tartrate 
op SILVER (2 Ag O, Cg H^ Oj^), which dissolves readily in nitric acid and 
in ammonia ; upon boiling it tums black, owiug to ensuing reduction of 
the silver to the metallic state. 

1 1 . Upon heating hydrated tartaric acid, or a tartrate, with hydrate 
of sulphuric acid, the sulphuric acid acquires a brown color almost simul- 
taneously with the evolution of gas. 

§ 163. 
c. CiTRic Acid (3 H O, C„ H, 0,^. 

1. Crystallized citric acid, obtained by the cooling of its Solution, h&s 
the formula, 3 H O, Cj^, H^ O^^ + 2 aq. It crystallizes in pellucid, oolor- 
less, and inodorous crystals of an agreeable acid taste, which dissolve 
readily in water and in spiiit of wine. Heated to 212° F., the crystal- 
lized acid loses its water of crystallization ; when subjected to the action 
of a strenger heat, it fuses at flrst, and afterwards carbonizes, with 
evolution of pungent acid fumes, the odor of which may be readily dia- 
tinguished from that emitted by tartaric acid upon carbonization. 

2. The citrates with alkaline base are readily soluble in water, as well 
in the neutral as in the acid state ; the same applies to the Compounds 
of citric acid with such of the metallic oxides as are weak bases, sesqui- 
oxide of iron, for instanca Citrates, like tartrates, and for the same 
reason, prevent the precipitation of sesquioxide of iron, protoxide of 
manganese, alumina, &c., by alkalies. 

3. Chloride of calcium fails to produce a precipitate in Solution of free 
citric acid, even upon boiling ; but a precipitate of neutral citrate of 
LIME (3 Ca O, Cj, Hg Ojj + 4 aq.) forms immediately upon saturating with 
potassa or soda the concentrated Solution of citric acid, mixed with 
Chloride of calcium in excess. The precipitate is insoluble in potassa, 
but it dissolves readily in Solution of chloride of ammonium ; upon boil- 
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ing this Chloride of ammoDium Solution, neutral citrate of lime of the 
same composition separates again in the form of a white crystalline pre- 
cipitate, which, however, is now no longer soluble in chloride of amnio- 
niun). ]f a Solution of citric acid mixed with chloride of calcium is 
saturated with ammonia, a precipitate will form in the cold only affcer 
many hours* standing; but upon boiling the clear fluid, neutral citrate of 
lime of the properties just stated will suddenly precipitate. When 
citrate of lime is heated with ammonia and nitrate of silver, no re- 
duction of the latter salt ensues. 

4. Lime-water produces no precipitate in cold Solutions of citric acid 
or of citrates. But upon heating the Solution to boiling, with a tolerable 
excess of hot prepared lime-water, a white precipitate of citbate op 
LTME is formed, of which the gi*eater portion redissolves upon cooling. 

5. Acetate of lead, when added in excess to a Solution of citric acid, 
produces a white precipitate of citrate dp lead (3 Pb O, C^, H^ O^J, 
which, afber washing, dissolves readily in ammonia. 

6. Nitrate of silver produces in Solutions of neutral citrates of the 
alkalies a white, flocculent precipitate of citrate of silver (3 AgO, 
Cjj HjOjj), which does not become black on boiling. 

7. Upon heating citric acid or citrates with concentrated sulphuric 
acid, carbonic oxide aud carbonic acid escape at flrst, the sulphuric acid 
retaining its natural color; upon continued ebullition, however, the 
Solution acquires a dai'k color, and sulphurous acid is evolved. 

§ 164. 
d. Malic Acid (2 H O, C, H^ O.), 

1. Hydrate of malic acid crystallizes with great difficulty, forming 
crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 356° F., malic acid is 
resolved into ulaueic acid (2 H O, C. H, O^) and fümaric acid (2 H 0, 
Cg Hj Og), which latter is upon continued application of heat also con- 
verted into the former. This deportment of malic acid is highlj 
characteristic. If the experiment is made in a small spoon, pungent 
acid vapors of malaeic acid are evolved with frothing eflervescence. If 
the experiment is made in a small tube, these fumes condense to 
crystals in the colder part of the tube. 

2. Malic acid forms with most bases salts soluble in water. The acid 
malate of potassa is not very difficultly soluble in water. Malic acid 
prevents, like tartaric acid, the precipitation of sesquioxide of iron, <&c., bj 
alkalies. 

3. Chloride of calcium falls to produce a precipitate in Solutions of 
free malic acid. Even after Saturation with potassa or soda no preci* 
pitate is formed. But upon boiling, a precipitate of malate of lime 
(2 Ca O, Cg H^ Og + 6 aq.) separates from concentrated solubions. If the 
precipitate is dissolved in a very little hydrochloric acid, ammonia added 
to the Solution, and the fluid boiled, the malate of lime separates again ; 
but if it is dissolved in a somewhat larger quantity of hydrochloric acid, 
it will not reprecipitate, after addition of ammonia in excess, even upon 
continued boiling. Alcohol precipitates it immediately from a Solution 
of the kind. Malate of lime, when heated with ammonia and nitrate of 
silver^ fails to aflect the reduction of the latter to the metallic state. 
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4. Lime-water produces no precipitate, either in Solutions of free malic 
acid or in Solutions of malates. 

5. Acetate of lead throws down from Solutions of malio acid and of 
malates a white precipitate of malatb dp lead (2 Pb O, C^ H^ O^ + 6 aq.). 
The precipitation is the most complete, if the fluid is neutralized by 
ammonia, as the precipitate is slightly soluble in free malio acid and 
acetic acid, and also in ammonia. If the fluid in which the precipitate 
is suspended is heated to boiling, a portion of the precipitate dissolves, 
the remainder fuses to a mass resembling resin melted under water. 
This reaction is distinctly marked only when the malate of lead is 
tolerably pure; if mixed with other salts of lead — ^if, for instance, 
ammonia is added to alkaline reaction, it is only imperfect or fails 
altogether to make its appearance. 

6. Niiraie of sU/oer throws down from Solutions of neutral malates of 
the alkalies a white precipitate of malate of silyeb, which upon boiling 
tums a little gray. 

7. Upon heating malic acid with concentrated sulphuric acid, carbonic 
acid and carbonic oxide gas are evolyed at flrst ; the fluid then tums 
brown and ultimately black, with evolution of sulphurous acid. 

§165. 

Hecapüulation and rema/rks. — Of the organic acids of this group, 
oxalic add is characterized by the precipitation of its lime-salt from its 
Solution in hydrochloric acid by ammonia, and also by acetate of soda, as 
well as by the immediate precipitation of the free acid by Solution of 
sulphate of lime. Ta/rtcMric add is characterized by the difficult solu- 
bility of the acid potassa salt, the solubility of the lime salt in cold 
Solution of soda and of potassa, the deportment of the lime salt with 
ammonia and nitrate of silver, and the peculiar odor which the acid and 
its salts emit upon heating. Citric acid is most strongly characterized 
by its deportment with lime-water, or with chloride of calcium and 
ammonia in presence of chloride of ammonium. Malic acid would be 
sufficiently characterized by the deportment of malate of lead when 
heated under water, were this reaction more sensitive, and not so easily 
prevented by the presence of other acids. The safest means of identifying 
malic acid is to convert it into malseic acid by heating in a glass tube ; 
but this conversion can be effected successfully only with pure hydrate 
of malic acid. Malate of lead is difficultly soluble in ammonia, whilst 
citrate of lead dissolves readily in that ageut ; this diflerent deport- 
ment of the lead salts of the two acids affords also a means of dis- 
tinguishing between them. If only one of the four acids is present in a 
Solution, lime-water will suffice to indicate which of the four is present ; 
since malic acid is not precipitated by this reagent, citric acid only upon 
boiling, tartaric acid and oxalic acid already in the cold ; and the tartrate 
of lime redissolves upon addition of chloride of ammonium, whilst the 
Oxalate does not. If the four acids together are present in a Solution, 
the oxalic add and tartaric acid are precipitated flrst by chloride of 
calcium and ammonia, in presence of chloride of ammonium (the tartrate 
of lime separates under tbese circumstances completely only after some 
time ; it is separated from the Oxalate by treating with Solution of soda) ; 
the citrate of lime is then thrown down by boiling, and the malate finally 
by means of spirit of wine. The precipitate produced by spirit of wine 
I. M 
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mnst never be taken posüively for malate o£ lime^ wühout fhrther [»oof^ 
since the sulpliate and other salts of lime are also predpitated hj l^bat 
agent minder the same ciroamstances. Positive oonviction caiL onlj be 
attained hy the produetion, of hydrate x)£ malio acid from the. lime-Bfllfc 
To eßkat ÜMf the precipitate is diasolved in acetic- aoid^ spi^ of wiae 
«dded) and the flaid^filtered, if neceasarj. The filtrate is preöipitatod 
with acetate of lead, the fluid neutralized with ammonia^ the predintate 
washed, stirred in watet; decompoaed bj hjdrosalphurio acid, and the 
filtrate evaporated to dryness. 

§166. 

Appendix : Kacemic Acid, or Paeatabtario Acid (2 H: O; O, H^ Oj^): 

The formula of crystallized racemic acid is 2 H O, C, H^ ^io "^ ^ ^* 
The crystaUization water esoapes slowly in the air, bat rapidly at 212° F. 
(difference between racemic acid and tartaric acid). To solventathe racemic 
acid comports itself like the tartaric acid. The racemates also shöw veiy 
similar deportment to that of the tartrates. However, many of them diffw 
in the amount of water they contain, in form and solubility from the 
corresponding tartrates. Chloride of calcium precipitates from the Solu- 
tions of free racemic acid and of xacemates bacemate of lihe (2 Ca 0, 
Cg H^ O^ + 8 aq.)j as a white crystalline powder. Ammonia throws the 
precipitate down from its Solution in hydrochlorio acid, either imme- 
diately or at least very speedily (difference between racemic acid and 
tartaric acid). It dissolves in Solution of soda and potassa^ but is re|N?eci- 
pitated from this Solution by boiling (difference between racemic acid and 
•dxalio acid). Lime-water added in excess, produces'immediately a white 
precipitate insoluble in chloride of ammonium (difference between 
racemic acid and tartaric acid). Solution of suIphcUe of lime does not 
immediately produce a precipitate in a Solution of racemic acid (diffe- 
rence between racemic acid and oxalic acid) ; howeyer, after ten or 
^fteen minutes racemate of lime separates (difference between racemic 
acid and tartaric acid) ; in Solutions of neutiul racemates the precipitate 
forms immediately. With saUa of potaaaa racemic acid comports itself 
like tartaric acid. 

SECOND GROUP OF THE OBOANIC ACID8. 

AciDS WHicH Chloride of Calcium fails to precipitate ^mxB 

ANY CiRCüMSTANCES, BUT WHICH ABB PBECIPITATED FBOIC JjftlßTOAL 

Solutions by Sesquichloride of Iron : Succinic Acid, Benzovo 
Acid, 

§167. 

a. Succinic Acid (2 H O, C, H^ O,). 

1. Hydrate of Succinic acid forms colorless and inodorous prisms or 
tables of slightly acid taste, which are readily soluble in water, alcohol, 
and ether, difficultly soluble in nitric acid, and volatilize when ex- 
posed to the action of heat, leaving only a little charcoal behind. The 
officinal acid has an empyreumatic oder, and leaves a somewhat larger 
carbonaceous residue upon volatilization. Succinic acid is not destroyed 
by heating with nitric acid, and may therefore be easily obtained in the 
pure State by boiling with that acid for half an hour, by which means the 
eil of amber^if present, will be destroyed. By Sublimation crystallinl» 
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ueedles of silky^ lustre are obtained ; the hydrate loses water in this 
prooess^ sa ihat hj repeated Sublimation anbydrous acid is ultimately 
obtainßd. Heated in the air, succinic acid bums with a blue flame, freö 
from soot»' 

2. Tha SQQcinatos are decompoaed at a red beat ; those whicb bave an 
alkalior alkalixMi earth for base, are converted into caibonatea in this 
procesa, the change being attended with Separation of charcoaL Most af 
the succinates are soluble in water. 

2t. Sesqtiichlonch of iram producea in Solutions of neutral succinates of 
the alkalidft a. brownish pale red, bulky precipitate of sucgiitatxi of ses- 
<2UioxiDE OF IBOK (Fe, O,, Cg H^ OJ; one-thirdof the sucdnio acid is 
liherated in thia reaotion, and retains part of the precipitate in Solution, 
if the fluid is fdtered off bot. The precipitate dissolyes readily in mineral 
acids ; ammonia decomposes it, causing the Separation of a lesa bulky 
precipitate of a highly basic succinate of sesquioxide of iron, and com- 
bining with the greater portion of the acid to succinate of ammonia, 
which dissolves. 

4. Äoelate of lead gives with succinic acid a white precipitate of 
neutrai succikajtb of lead (2 Pb O, Og H^ O^), which is very sparingly 
soluble in water^ acetic acid, and succinic acid, but dissolyes readily in 
Solution, of acetate of lead and in nitrio acid. Treated with ammonia, 
tha neutral succinate of lead is conyerted into a basio salt (6 Fb O, 

ö, A. mixture of aloohol, ammonia, and Solution ofcMande of hariaan 
pro^ueesin Solution» of free succinic acid and of succinates a white pre- 
cipitate of SUCCINATE OF BABYTA (2 Ba O, C^ H^ O^). 

6. Nitrate ofsuboadde ofmercury and nUrate of ailver also precipitate 
ihe succinates; the precipitates, howeyer, are not possessed of any 
«haraetenstic properties. 

§ 168. 

h. Benzoic Acid (H O, C„ H, O,). 

1. Pure hydrate of benzoic acid forms inodorous white scales or 
needles, or simply a crystallina powder. When heated, it fuses, and 
afterwards volatilizes completely. The fumes of benzoic acid cause a 
peculiar irritating Sensation in the throat, and provoke coughing ; when 
cautiously cooled, they condense to brilliant needles, when kindled, they 
bum with a lumiiious sooty fiame. The common officinal hydrate of 
benzoic acid has the odor of benzoin, and leayes a small carbonaceous 
residue upon volatilization. Hydrate of benzoic acid is very sparingly 
soluble in cold water, but it dissolves pretty readily in bot water and in 
alcohol. Addition of water, therefore, imparts a milky turbidity to a 
saturated Solution of benzoic acid in alcohol. 

2, Most of the benzoates are soluble in water ; only those with weak 
bases, e. g., sesquioxide of iron, are insoluble. The soluble benzoates have 
a peculiar, pungent taste. The addition of a strong acid to aqueous 
Solutions of benzoates displaces the benzoic acid, which separates as 
hydrate in the form of a dazzling white, sparingly soluble powder. Ben- 
zoic acid is expelled in the same way from the insoluble benzoates, by 
such strong acids as form soluble salts with the bases with which the 
benzoic acid is combined. 

äi 2 
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3. SesquicMoride of Iran precipitates Solutions of free benzoic acid 
incompletely ; Solutions of neutral benzoates of the alkalies completelj. 
The precipitate of benzoate op sesquioxidb dp ibon (2 Fe 0,, 
3 [Cj^ Hj O3] + 15 aq.), is bulky, flesh-colored, insoluble in water. It is 
decomposed by ammonia in the same manner as succinate of sesqoioxide 
of iron, from which salt it differs in this, that it dissolves in a little 
hydrochlorio acid, with Separation of the greater portion of the ben- 
zoic acid. 

4. Acetate oflead fails to precipitate free benzoic acid and benzoate of 
ammonia, at least immediately ; but it produces white, flooculent preci- 
pitates in Solutions of benzoates with a fixed alkaline base. 

5. A mixtare of alcohol, ammonia^ and Solution of cJdoride of ha/rivm 
produces no precipitate in Solutions of free benzoic acid or of the alkaUne 
benzoates. 

§ 169. 

Recäpitvlation and rema/rica, — Succinic and benzoic acids are distin- 
guished from all other acids by the facility with which they may be 
sublimed, and by their deporbment with sesquichloride of iron. They 
are distinguished from one another by the diflerent color of their salts 
with sesquioxide of iron, and also by their different deportment with 
Chloride of barium and alcohol ; but principally by their different degrees 
of ' sol'ubility, succinic acid being readily soluble in water, whilst benzoic 
acid is very difficult of Solution. Succinic acid is seldom perfectly pure, 
and may therefore often be detected by the odor of oil of amber which 
it emits. 

The detection of the two acids, when present in the same solutioa 
with other acids, may be effected as foUows : precipitate with sesqui- 
chloride of iron, warm the washed precipitate with ammonia^ filter, 
conceutrate the Solution, divide it into two parts, and mix one part with 
hydrochloric acid, the other with chloride of barium and alcohol. 

Succinic acid and benzoic acid do not prevent the precipitation of ses- 
quioxide of iron, alumina, (&c., by alkalies. 



third group op the organic acids. 

Acids which are not precipitated by Chloride dp Calcium nob 
BY Sesquichloride of Iron : Äcetic Acid, Formic Add. 

§ 170. 

a. Acetic Acid (H O, C^ Hg O,). 

1. The hydrate of acetic acid forms ti'ansparent crystalline scales, 
which fuse at 62*6° F. to a colorless fluid of a peculiar pungent and pene- 
trating odor, and exceedingly acid taste. When exposed to the action of 
heat, it volatilizes completely, forming pungent inflammable vapors, which 
burn with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures of the acid with water that the name of acetic 
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acid is commonly applied. The hydrate of acetic acid is also soluble 
in alcohol. 

2. The acetates undergo decomposition at a red heat ; among the pro- 
ducts of this decomposition we genei-ally find hydrate of acetic acid, and 
almost invariably acetone (C^ H^ J. The acetates of the alkalies and 
alkaJine earths are converted into carbonates in this process; of the 
acetates with metallic bases many leave the metal behind in the pure 
State, others in the form of oxide. Most of the residues which the 
acetates leave upon ignition are carbonaceous. Nearly all acetates dis- 
solve in water and in alcohol ; most of them are readily soluble in water, 
a few only are difficult of Solution in that menstruum. If acetates are 
distilled with dilute sulphuric acid, the free acetic acid is obtained in the 
distillate. 

3. If sesqtdcMoride of iron is added to acetic acid, and the acid is then 
nearly saturated with ammonia, or if a neutral acetate is mixed with 
sesquichloiide of iron, the fluid acquires a deep dark red color, owing to 
the formation of acetate of sesqüioxide op iron. Upon boiling, the 
fluid becomes colorless if it coutains an excess of acetate, the whole of 
the sesqüioxide of iron precipitating as a basic acetate, in the form 
of brown-yellow flakes. Ammonia precipitates fpom it the whole of 
the sesqüioxide of iron as hydrate. Üpon addition of hydrochloric acid, 
a fluid which appears red from the presence of acetate of sesqüioxide of 
iron tums yellow (difierence from sulphocyanide of iron). 

4. Neutral acetates (but not free acetic acid) give with nilrate oj 
silver white, cry stalline precipitates of acetate op silver ( Ag O, C^ H, Og), 
which are very sparingly soluble in cold water. They dissolve more 
easily in hot water, but separate again upon oooling, in the form of very 
fine crystals. Ammonia dissolves them readily; free acetic acid does 
not increase their solubility in water. 

5. Nitrate of svhoxide of mercwn/ produces in Solutions of acetic acid, 
and more readily still in solutions of acetates, white, scaly crystalline 
precipitates of acetate op suboxide op mercüry (Hg, O, C^ H^ OJ, 
which are sparingly soluble in water and acetic acid in the cold, but dis- 
solve without difficulty in an excess of the precipitant. The precipitates 
dissolve in water upon heating, but separate again upon cooling, in the 
form of small crystoJs ; in this process the salt \indergoes partial decom- 
position : a portion of the mercury separates in the metallic state, and 
imparts a gray color to the precipitate. If the acetate of suboxide of 
mercury is boiled with dilute acetic acid instead of water, the quantity 
of the metallic mercury which separates is exceedingly minute. 

6. When acetates are heated with concentrated aiUphiMric (icid, hydrate 
OF acetic acid is evolved, which may be known by its pungent odor. 
But if the acetates are heated with a mixture of about equal volumes of 
concentrated sulphuric acid and alcohol, acetic ether (C^ H^ O, C^ H^ 0^) 
is formed. The odor of this ether is highly characteristic and agreeable ; 
it is most difttinct upon shaking the mixture when somewhat cooled, and 
is much less liable to lead to mistakes than the pungent odor of the 
free acetic acid. 

7. If acetates are distilled with dilute sulphuric acid, and the distillate 
is digested with an excess of oxide of lead, part of the latter dissolves 
as basic acetate of lead, which may be readily recognised by its alkaline 
reaction. 
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§ 171. 
h. FoRMic AciD (H O, 0, H OJ. 

1. The hjdrate of formic acid is « transpftrent, colorle«, d^htty 
fuming liquid, of a obaractenstic and exoeedingly penetraüiig odor. When 
cooled to bdow 32'' F., it orystallizes in colorless platea. It is miscible in«ll 
proportions with water aud with alcohoL Wbeo expoeed to ihe aotioii 
of heat, it volatiliaes completelj ; the yi^xxrs are inflammable «od bam 
with a blue flame. 

2. The fbrmates, like the Gorresponding acetates, leave npon ignition. 
either carbonates, oxides, or metals behind, ih6 prooesB being attended 
with Separation of charcoal, and escape of carbide of hydrogen, carbonu^' 
aoidy and water. All the Compounds of formic acid with bases are 
soluble in water ; alcohol likewise dissolves some of them. 

3. Formic acid presents the same deportment with seaquichlaride of 
iran as aoetic acid. 

4. Nitrene of silver &ils to precipitate free formic acid, and decom- 
poses the alkaline formates onlj in concentrated solution& The wiiite,. 
sparingly soluble, crystalline precipitate of forkate of silyeb (Ag O, 
C, H O,) acquires verj rapidly a darker tint, owing to the Separation of 
metallic silver. Complete reduction of the oxide of «üvet to the me* 
tallic State takes place, even in the oold, afber the lapse of some time ;. 
but immediately, upon applying heat to the fluid containing the preci- 
pitated formate of silver. The same reduction of the oxide of silver to> 
the metallic State takes place in a Solution of free formic acid, and also 
in Solutions of formates so dilute that the additionof thenitrate of silver 
fJEuled to produce a precipitate in them. But it does not take place in 
presence of an excess of ammonia. The ration^e of this reduction ia 
as follows : the formic acid, which may be looked upon as a Compound 
of carbonic oxide with water, deprives the oxide of silver of its oxygen, 
thus causing the formation of carbonic acid, which eseapes, and of water, 
whilst the reduced silver separates in the metallic State. 

6. Nit/raU ofanboxide of mercury givesno precipitate with free formic 
acid; but in concentrated Solutions of alkaline formates this reagent 
produces a white, sparingly soluble precipitate of fobmate of suboxidk. 
OF HEBCUBY (Hg, O, C, H O,), which rapidly becomes gray, owing to the 
Separation of metallic mercury. Complete reduction ensues, even in ihe 
cold, after the lapse of some time, but is immediate upon application of 
heat. This reduction is also attended with the formation of carbonic 
acid and water, and takes place, the same as with the oxide of silver, 
both in Solutions of free formic acid and in fluids so highly dilute that 
the formate of suboxide of mercury is retained in Solution. 

6. If formic acid or an alkaline formate is heated with chloride of 
mercv/ry to from 140° to 158° F., subchloride of mercury precipitates. 
If the mixture is heated to 212° F., metallic mercury separates along 
with the subchloride. 

7. If formic acid or a formate is heated with concentrated sulphwric 
ctcid, the formic acid is resolved into water and carbonic oxide gas, which 
latter eseapes with effervescence, andifkindled, bums with a blueflame. 
The fluid does not turn black in this process. The rationale of the 
decomposition of the formic acid is this : the sulphuric acid withdraws. 
from the formic acid the water or the oxide necessary for the existence 
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of the latter acid, and thus occasions a transposition of its elements 
(0, H O, = 2 C O + H O). Upon heating formates with dilute sulphuric 
acid iu a distilling apparatus, free formic acid is obtained in the distil- 
late^ and may mostly be readily detected bj its odor. Upon heating a 
formate with a mixture of Biüphuric acid and alcohol, formic ether is 
evolved, which is characterized bj its peculiar arrack-like smell. 

8. If dilute formic acid is heated with oodde of lead, the latter dis- 
Bolves. On cooling the Solution, which, if necessary, is concentrated by , 
evaporation, the formate of lead (Pb O, C, H O,) separates in briUiant 
prisms or needles. 

§ 172. 

Recapitvlation and remarhs, — ^Acetic acid and formic acid may be dis- 
tUled over with water, and form with sesquioxide of iron soluble neutral 
salts which dissolve in water, imparting to the fluid a blood-red color, 
and are decomposed upon boiling. These reactions distinguish the two 
adds of the third group from the other organic acids. From each other 
the two acids are distinguished by the odor of their hydrates and ethyle 
Compounds, and by their different deportment with salts of silver and 
salts of mercury^ oxide of lead, and concentrated sulphuric acid. The 
Separation of acetic acid from formic acid is eflected by heating the 
mixture of the two acids with an excess of oxide of mercury or oxide of 
silver. Formic acid reduces the oxides, and suflers decomposition, being 
resolved into carbonic oxide and water ; whilst the acetic acid combines 
with the oxides^ forming acetates^ which remain in Solution. 
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PRELIMINARY EEMARKS 

ON THE 

OOURSE OF QUALITATIVE ANALYSIS IN GENERAL AND ON THE PLAN OF 
THIS FAST OF THE PBESENT WOBK IN PABTICULAB. 

The knowledge of reagents and of the deportment o£ other bodies 
"with them enables us to ascertain at once whether a Compound of which 
the pbysical properties permit an inference as to its nature, is in reality 
i^bat we suspect it to be. Thus^ for instance, a few simple reactions 
suffice to show wbetber a body which appears to be calcareous spar^ is 
TeaJly carbonate of lime, and that another, which we hold to be gypsum, 
is actually sulphate of lime. This knowledge usually suffices also to 
ascertain whether a certain body is present or not in a Compound ; for 
instance, whether or not a white powder contains subchloride of mer- 
cury. But if our design is to ascertain the chemical nature of a sub- 
stance entirely unknown to us — if we wish to discover cUl the consti- 
tuents of a mixture or chemical Compound — if we intend to prove that, 
'besides certain bodies which we have detected in a mixture or Compound, 
HO other substance can possibly be present — if consequently a complete 
^fucdüaiive ancUysis is our objecto the mere knowledge of the reagents, 
and of tbe reactions of other bodies with them, will not suffice for the 
attainment of this end ; this requires the additional knowledge of a 
systematic and progressive course of analysis, in other words, the know- 
ledge of the Order and succession in which solvents, and general and 
special reagents, should be applied, both to efiect the speedy and certain 
detection of every component dement of a Compound or mixture, and to 
prove with certainty the absence of all other substances. If we do not 
poBsess the knowledge of this systematic course, or if, in the hope of 
attaining our object more rapidly, we adhere to no method whatever in 
cur investigations and experiments, analyzing becomes (at least in the 
hands of a novice) mere guess work, and the results obtained are no 
longer the fruits of scientific calculation, but mere matters of accident, 
which sometimes may prove lucky hits, and at others total failures. 

Every analy tical investigation must therefore be based upon a definite 
method. But it is not by any means necessary that this method should 
be the same in all cases. Practice, reflection, and a due attention to 
circumstanccs will, on the contrary, generally lead to the adoption of 
different methods for difierent caaies. However, all analytical methods 
agree in this, that the substances present or supposed to be present in a 
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Compound or mixture, are in the first place classed into certain groups, 
which are then again subdivided, until the individual detection of the 
various substances present is finallj accomplished. The diversity of 
analytical methods depends partlj on the order and succession in which 
reagents are applied, and partly on their selection. 

Before we can venture upon inventing methods of our own for indi- 
vidual cases, we must first *make ourselves thoroughlj conversant with 
a certain definite course, or System, of chemical analysis in generaL 
This System must have passed through the ordeal of experience, and 
must be adapted to every imaginable case, so that afberwards, when we 
have acquired some practice in analysis, we may be able to determine 
which modification of the general method will in certain given cases 
most readily and rapidly lead to the attainment of the object in view. 

The exposition of such a systematic course, adapted to all cases, tested 
by experience, and combining simplicity with the greatest possible 
security, is the object of the First Section of the second part of thia work. 
The Clements and Compounds comprised in it are the same which we 
have studied in Part I., with the exception of those given in that part 
simply by way of appendix. 

The First Section of the Second Part consists of pbactical instruo 
TiONS IN AKALTSis, wherein I have laid down a systematic course which, 
with due care and attention, will, by progressive steps, lead speedily 
and safely to the attainment of the end in view. 

The subdivisions of this practical course are, 1, Preliminary examina- 
tions ; 2, Solution ; 3, Actual examination. 

The third subdivision (the actual excmiincUion) is again subdivided 
into, (1) Examination of Compounds in which but one base and one acid 
are assumed to be pi*esent ; and, (2) Examination of mixtures or Com- 
pounds in which all the substances treated of in the present work are 
assumed to be present. With respect to the latter section, I have to 
remark that where the preliminary examination has not clearly demon- 
strated the absence of certain groups of substances, the student cannot 
safely disregard any of the paragraphs to which reference is made in 
consequence of the reactions observed. In cases where the intention is 
simply to test a Compound or mixture for certain substances, afid not to 
ascertain all its constituents, it will be easy to select the particular num- 
bers which ought to be attended to. 

As the construction of a universally applicable systematic course of 
analysis requires due regard to, and provision for, every contingency 
that may possibly arise, it is self-evident that, though in the System here 
laid down the various bodies comprised in it have been assumed to be 
mixed up together in every conceivable way, it was absolutely indis- 
pensable to proceed throughout upon the supposition that no foreign 
organio matters whatever were present, since the presence of such matters 
would of course tend to prevent or obscure many reactions, and variously 
modify others. 

Although the general analytical course laid down here is devised and 
arranged in a manner to suit all possible contingencies, with a very few 
exceptions, still there are special cases in which it may be advisable to 
modify it. A preliminary treatment of the substance is also sometimes 
necessary, before the actual analysis can be proceeded with ; the pre- 
sence of coloring, slimy, organic mattA^ more especially requires certain 
preliminary Operations. 
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The Second Section of this Part will be found to contain a detailed 
description of the special methods emplojed to effect the analysis of a 
few important Compounds and mixtures which chemists are frequently 
called upon to examine. Some of these methods show how the analj- 
tical processes become simplified as the number of substances decreases 
to which regard must be had in the analysis. 

In conclusion, as an intelligent and successful pursuit of analysis is 
possible only with an accurate knowledge of the prinoiples whereon the 
detection and Separation of bodies depend, since this knowledge alone 
can furnish the student with a guide to the selection of the proper re- 
agents, and the order in which they ought to be applied^ I have given in 
the Third Section of the Second Part an explanation and elucidation of 
the general analytical process, with numerous additions to the practical 
Operations. As this third section may properly be regarded as the key 
to the first and second sections, I strongly recommend students to make 
themselves early and thoroughly acquainted with it. I have devoted a 
special section to this theoretical explanation of the process, as I think 
it will be understood better in a connected form, than it would have 
been by explanatory additions to several paragraphs^ which, moreover, 
might have materially interfered with the plainness and perspicoity of 
the plan of the practical process. 



SECTION I. 

PRACTICAL PROCESS FOR THE ANALYSIS OF COMPOUNDS 

AND MIXTURES IN GENERAL. 

I. Preliminabt Examination.* 

§ 173. 

1. ExAMiKE, in the first place, the physical properties — colör, It 
shape, hardness, gi'avity, odor, <fec. — öf the substance intended for 
analysis, since these will often euable you in some measure to 
infer its nature. Before proceeding to the application of any che- 
mical process, you must always consider how much of the substance 
to be analyzed you have at command, since it is necessary, at this 
early period of the examination, to calculate the quantity which may 
safely be used in the preliminary investigation. A reasonable eco- 
nomy is in all cases advisable, even though you may possess the sub- 
stance in large quantities ; but, under all circumstances, let it be a 
üxed rule, never to use at once the whole of what you possess of 
a substance, but always to keep a portion of it for unforeseen con- 
tingencies, and for conürmatory experiments. 

* Consnlt also the observations and additions in the Third Section. 
t These marginal numbers are slmply intended to facilitate reference. 



174 PRKUMINABT SXAMINATIOK. [§ 174. 

A. The Body xtkdeb Examikatiok is Solid. 

I. It IS VEITHEB A PUBE MbTAL HOB AV AlLOT.. 

§ 174. 

1. The substanoe is fit fot examination if in pomler or ki Büinute 2 
crystaLs ; bat if in larger cryjitals or in solid pieces, it is' necessary 

in the first place to reduce a portion of it to powder if practicable. 
Bodies of the softer kind may be trituiated in a porcelain mortar ; 
those of a harder nafcüre mnst first be broken into small j»eces in a 
Steel mortar, or upon a steel anvil^ and the pieoes then be tritnrated 
in an agate mortar. 

2. Fat some of the powder into a glass tnbe, sealed at one end, 3 
about six oentimetres long and five mülim^tres widey and heat first 
gently oyer tho spirit or gasrlamp, then intensefy in the blowpipe 
fiame. The reaotions resulting may lead to many positive or pro- 
bable conclusions regarding the nature of the snbetance. The fol- 
lowing are the most important of these reactions, to whieh partioular 
attention ought to be paid ; it often ocours that severai of them are 
observed in the case of one and the same substanoe. 

a, The substanoe bemains unaltebed : absence of organic 4 
matters, salts contaiaing water of crystallization, readily fusible 
matters, and volatile bodies. 

6. The substakce does not fuse at a moderate heat, but 5 
SIMPLT CHANGES COLOR. From white to yellow, tuming white 
again on cooling, indicates oxide of zino; from white toyellowish- 
brown, tuniing to a dirty light yellow on cooliug, indicates 
binoxide of TIN j if the color changes from white to brownish- 
red, tuming to yellow on cooling, and the body is fusible at a red 
heat, this indicates the presence of oxide of lead ; if the color 
chanses fix)m white to orange-yellow, or a deeper and more red- 
dish tint, up to reddiah-brown, tamii>g pale yellow on cooling, 
and the body fuses at an iutense red heat, this indicates the pre- 
sence of teroxide of bismuth ; if the color changes from red 
to black, tuming red again on cooling, this indicates the presence 
of sesquioxide of ibon, &c. 

c. The sübstance füses withoüt expüusion of aqueous 6 
VAPOB. If on intense heating, gas (oxygen) is evolved, and a 
small fragment of charcoal thrown in is energetically consumed^ 
NITRATES or CHLOBATES may be assumed to be present. 

d. Aqueous yapobs abe expelled, which condensb in the 7 
OOLDER PART OF THE TUBE : this indlcates the presence either (a) of 
substances containing wateb of crystallization, in which 
oase they will generally readily fuse, and re-solidify afber expul- 
sion of the water; many of these swell considerably whilst 
yielding up their water, e, g. (borax, alum) ; or (ß) of decompos- 
able HYDRATES, in which case the bodies often will not fuse ; or 
(y) of anhydrous salts, holding water mechanically enclosed be- 
tween their lamellse — in which case the bodies will decrepitate ; 

or (3) of bodies with moisture extemally adhering to them. 
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Töst the reaction of tlie Condensed fluid in tlie tube: if 
it 18 alkaline, ammonia may be assanied to be present; if 
acidy a yolaiüe acid (sulphuric acid, sulphurous acid, hydro« 
fluoric acid, hydrodilorio, h7drolMX)mic, or kjdriodiaacida^ nitric 
acid, dto.). 

e. Gases ob fumes esoape. Obeerve wbetfaer tbey bave a 8 
cokn*, sm^, add or alkaline reaction, -wbether th^ are inflam- 
xnable, &o, 

act, OxiroEir. The disengs^ment of tbis gas indicates the 
presence of peroxides^ cblorates, nitrates, &a A glimmering 
slip of vood is religbted in ihe gaseoHS current. 

bb. SüLPHUROUS ACID. Tbis is ofb^i produced by tbe de- 
composition of sulpbates; it may be known by its peculiar 
odor and by its acid reaction. 

€öi Htponitrio agid, resulting from tbe decompo6iti<m of 
nitrates, especially witb oxides* of tbe- beavy metals ; it may 
be known by tbe brownisb-red color of tbe fanie& 

dd. Oakbonio Aonh Tbe evolntion of earbonic acid indi- 
cates tbe presence ofcarbonatesdeoomposaUebyheat. The gas 
evolved is cdorless and tasteless, non-inflammable ; a drop of 
lime-water on a watch-glass becomes turbid on exposure to the 
gaseoHS current. 

ee. Carbonio oxmB gas. The escape of tbis- gas indicates 
the presence of Oxalates, and, when attended with actual car- 
bonization, also of formates. The gas bums witb- a blue 
flame. 

ff, Ctahogen. The evolution of cyanog^i gas denotes 
the' presence of cyanides decomposable by heat^ The gas may 
be known by its odor, and the crimson flame with which it 
bums. 

gg. Hydrosulphuric acid gas. The escape of hydrosul- 
phuric acid gas indicates the presence of sulphides containlng 
water ; the gas may be readily known by its odor. 

hA ' Ammonia, resulting from the decomposition of ammo> 
niacal salts, or also of cyanides or nitrogenous organic mattera, 
in which latter cases browning or carbonization of the sub- 
stance takes place, and either cyanogen or oflensive em- 
pjreumatic oils escape with the ammonia. 

/. A SUBLIMATE FORMS. This indicates the presence of vola- 9 
tile bodies : the following are those more frequently met 
with:— 

aa. StTLPHüR. Separated from mixtures or from many of 
the metallic sulphides; Sublimes in reddish-brown drops 
which become solid on cooling, and tum yellow, or yellowish- 
brown. 

hh. Ammonia salts give white Sublimates; heated with 
soda and a drop of water on platinum foil, they evolve 
ammonia. 

cc. Mercüry and' Compounds ofmercury. Metallic mer- 
ciTRY forms globules ; sulphide op mercüry is black, but 
acquires a red tint when rubbed ; Chloride op mercüry 
fuses before yolatilizing ; subchloride op mercüry sublimes 
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withoiit previoos fusion ; the Sublimate, which is jellow wliilst 
bot, tums wbite on cooling. Tbe red iodide of mebcuby 
gives a yellow Sublimate. 

dd, ÄBSEinc and Compounds of tbat metal. Metaluc 
AKSEKic forms tbe well-known arsenical mirror ; absenious 
AGiD forms small sbining crystals ; tbe sulphides of arsenic 
give Sublimates wbicb are reddisb-jellow wbilst bot, and tum 
yellow on cooling. 

ee. Teroxidb of antimont fuses to a yellow liquid before 
sublimiug. Tbe Sublimate consists of brüliant needles. 

ff. Benzoig acid and succiNic acid, wbicb may be known 
by tbe ödor of tbeir fumes. 

gg. Htdiiated oxalig agid. Wbite crystalline Subli- 
mate, tbick fumes in tbe tube. Heating a small sample on 
platinum foil witb a drop of conoentrated sulpburic acid gives 
rise to a copious evolution of gas. 

g. Cabbonization takes plage : organic substances. Tbis 10 
is always attended witb evolution of gases (in tbe case of acetates 
of acetone)and water, wbicb latter bas an alkaline or acid reaction. 
If tbe residue effervesces witb aoids, wbilst tbe original substance 
did not sbow tbis reaction, organic acids may be assumed to be 
present in combination witb alkalies or alkaline eartbs. 
3. Put a small portion of tbe substance on a cbarcoal Support (in U 
tbe cavity scooped out for tbe purpose), and expose to tbe inner 
blowpipe flame. 

As most of tbe reactions described under 2 (3 — 10) ^^ also pro- 
duced by tbis process, 1 will bere enumerate only tbose wbicb result 
more particularly and exclusively from its application. 

a. The bodt fuses, and is absorbed by the ghabooal ob 12 
FORMS A bead IN THE GAViTY : tbis dcnotes more particularly 
tbe presence of salts of tbe alkalies. 

b. An infusible white besidue bemains on tbe cbarcoal, 13 
eitber at once or afber previous melting in tbe water of crystal- 
lization. Tbis indicates more particularly tbe presence of baryta, 
strontia, lime, magnesia, alumina, oxide of zinc (wbicb appears 
yellow wbilst bot), and silicic acid. Among tbese substances, 
STRONTIA, LIME, MAGNESIA, and OXIDE OF ziNG, are distinguisbed 
by streng luminosity in tbe blowpipe flame. Meisten tbe wbite 
residue witb a drop of Solution of nitrate of protoxide of cobalt, 
and expose again to a strpng beat. If tbe mass assumes a 
fine blue tint, tbis indicates tbe presence of alumina ; if a 
reddisb tint, of magnesia ; if a green color, of oxide of zing. 

If siLiGiG agid is present, tbe mass also assumes a faint bluisb 
tint, wbicb must not be confounded witb tbat proceeding from 
tbe presence of alumina. 

C. The SUBSTANGE LEAYES AN INFUSIBLE RESIDUE OF 14 
ANOTHER GOLOR, or REDUGTION to the metallig STATE 
TAKES PLAGE, WITH OR WITHOUT INGRÜSTATION OF THE GHAR- 

GOAL. Mix a portion of tbe powder witb carbonate of soda, 
and beat on cbarcoal in the reducing flame ; obsei*ve tbe residue 
in tbe ca\dty, as well as tbe incrustation on tbe cbarcoaL 

a. Tbe sustained application ofa streng flame producesame- 15 
tallic globule^ witbout incrustation of tbe cbarcoal ; tbis indi- 
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cates the presence of gold, silyer, or coppeb. The oxides of 
platinuni; iron, oobalt, and nickel, are indeed also reduced, but 
thej yield no metallic globules. 

ß, The charcoal support is coated with au incrustation, 16 
either with or without simultaneous formation of a metallic 
globale. 

Cba. The incrustation is white, at a long distance from the 
test specimen, and is very readüy dissipated by heat, emjt- 
ting a garlic-like odor : arsenic. 

ä^. The inorustation is white, is nearer the test specimen 
than in aa, and raay be driven from one part of the support 
to another : antimony. Metallic globules are generally ob- 
served at the same time, which continue to evolve white 
fumes long after the blowpipe jet is discontinued, and 
upon cooling become surrounded with ci'ystals of teroxide 
of antimony ; the globules are brittle. 

cc, The incrustation is yeUow whilst hot, but tums white 
on cooling ; it is near the test specimen, and is with di£i- 
culty volatilized : zinc. 

dd, The incrustation has a faint ydlow tint whilst hot, 
but tums white ou cooling ; it surrounds the test speci- 
men, and both the inner and outer flame fall to volatilize 
it : TIN. The metallic globules formed at the same time 
are bright, readily fusible, and malleabla 

ee, The incrustation has a temon-yellow color, tuming on 
cooling to sulphur-yellow ; when exposed to the reducing 
flame, it leaves a bluish stain : lead. Beadily fusible, 
malleable globules are formed at the same time with the 
incrustation. 

ff, The incrustation is of a da/rk orange-yeUow color 
whilst hot, which changes to lemon-yellow on cooling ; 
when exposed to the reducing flame, it does not leave a 
bluish stain : bismuth. The metallic globules formed at the 
same time as the incrustation are readily fusible and brittle. 
gg, The incrustation is reddish-brown, in thin layers, 
orange-yellow ; it volatilizes without leaving a col'ored 
stain : cadmium. 
Fuse a small portion tögether with a bead of microcosmic salt, 17 
xpose for some time to the outer flame of the blowpipe. 
a. The substance dissolves beadily and ratheb labgely 

:0 A GLEAB BEAD (WHILST HOT). 

o. The hot head is colored : 18 

Blue, by caudlelight inclining to violet — cobalt ; 

Green, upon cooling blue ; in the reducing flame, after 
cooling, red — coppeb ; 

Gbeen, particularly fine on cooling, unaltered in the re- 
ducing flame — chromium ; 

Bbownish-red, on cooling light yellow or colorless ; iu 
tlie reducing flame red whilst hot, yellow whilst 
cooling, then greenish — iron ; 

Dark yellow to reddish, turning lighter or altogether 
colorless on cooling ; in the reducing flame unaltered — 

NICKEL ; 

N 
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Yellowish-bbown, on cooling changing to lightyellow or 
losing its color altogether ; in the reducing flame almost 
colorless (especiallj afber contact with tin), blackish- 
gray on cooling — bismuth ; 

Bright yellowish to OPAL, when cold rather doli ; in the 
reducing flame whitish-gray — silyeb ; 

Amjbthtst-be3>| especially on oooling ; colorless in the re- 
ducing flame, not quite clear — ^manganese. 
ß, The hot head is colorless : 19 

1t BEMAINS GLEAB ON COOLINa : ANTIXONTy ALÜXINA, ZINC, 

CADMiUM, LEAD, UHE, MAGNESIA j th« latter Ave metals, 
when added in somewhat large proportion to the 
microcosmic saJti give enamel-white beads ; the bead 
of oxide of lead is yellowish when saturated ; 
It becomes enamel-white on cooling, even when only 
a small portion of the powder has been added to the 
microcosmic salt : babtta, stbontia. 

b. The substange dissolyes slowly and only in small 20 
quantity : 

a. The bead is colorless, and remain» so even after cooling ; 
the nndissolved portion looks semi*transparent ; upon addi- 
tion of a little sesquioxide of iron, it acquires the chiutusteristic 
color of an iron bead : siLidC acid^ 

ß. The bead is colorless» and remains so after addition of 
a little sesquioxide of iron : tin. 

c. The substange does not dissoltb, büt floats (in the 21 
metallio State) in the bead : gold, platinctm. 

As the body under examination may consist of a mixture of the 
most dissimilar elements, it is impossible to give well defined cases 
that shall ofler at the same time the advantage of general appli- 
cability. I^ therefore, reactions are observed in an experiment which 
proceed from a combination of two or several cases, the conclu- 
sions drawn from these reactions musfc of course be modifled accord- 
ingly. 

§ 175. 

IL The Substange is a Metal ob an Alloy. 

1. Heat a small portion of the substance with water addulated 22 
with acetie acid. • 

a. Hydrogen gas is evolved : this indicates the presence 
of a light metal (possibly also of manganese in the metallio 
State). The presence of alkalies and of alkaline earths must 
also be had regard to in the actual examination. 

6. No hydrogen is evolved : this indicates the absence of 
light metals. Alkalies and alkaline earths may be altogether 
disregarded in the course of the special investigation. 
2. Heat a sample of the substance on charcoal in the reducincr 23 
flame of the blowpipe, and watch the reactions ; for instance, whe- 
ther the substance fuses, whether an incrustation is formed or an 
odor emitted, &c, 

a. The sample remains unaltered : this ispretty conclusive 
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of the absence of antimony, anc, lead, bismutn, oadmium, tin, 
mercarj, and arsemc ; the absence of gold, silrer, and copper is 
also probable ; platinxjm, ikon, manganese, ütickel, and cobalt 
are likel j to oe pi^sent. 

b. TäE äAlfPtJä FÜSES ; kg INCRUSTATIOK PÖJRMS, and NO Oi)OR 

IST EMirtED : absenoe of antimony, anc, leäd, bismtitli^ cadmium, 
and arsenic ; presence of gold, stLVER, coppäh. 

C. The sample E*üSES, AN^ an iNCRUStATlON' IS FOltMED, BÜT 

Nö ODOÄ EMilTTED : absence of arsenic, and presence of anti- 
HoitY, zinö, bisvuth, lead, CADMiuldt (compÄre § 174, 3, <?, ß 

[16])- 

d, The stjbstakce ehits the odo« of garliö ; arsenic is 

prenentw According to the nattire of the other reäctions which 

may manifest themselves, a, b, ot e must be had jregard to. 

3. Heat at sample of the stibstance* before the biowpipe in a glass 24 

ibef sealed at one end. 

a. Ko SUBLIMATE IS FORMED IN THE COLDElt PABfF OF THE 

TUBE : absence of mercury. 

b. A SUBLIMATE IS FORMED i presence of mebourt, cadMiüm, 
or ARiSENie. The Sublimate of mer^mry, which consists of small 
globnles, cannot possibly be coufounded with that of cadmium 
or arsenic. 

§ 176. 

B. TäE SUBSTANCE UNDER EtTAKTNATION IS A FlUID. 

1# Evaporate a small portion of the fluid in a platinum dish, or in 2 
small porcelain crucible, to ascertain whether it actually contains 
ly matter in Solution ; if a residue remains, examine this as directed 
174. 

2* Test with litmus paper (blue and red). 26 

a. The fluid reddens blue litmus paper. This reaction 
may be caused by a free acid or an acid salt, as well as by a 
metallic salt soluble in water. To distinguish between these 
two cases, pour a small quantity of the fluid into a watch-glass, 
and dip into it a small glass rod, the extreme point of which 
has previously been moistened with dilute Solution of carbonate 
of soda j if the fluid retnains clear, or if the precipitate which 
may form at first, redissolves upon stirring the liquid, this 
proves the presence of a free acid or of an acid salt ; but if the 
fluid becomes turbid and remains so, this generally denotes the 
presence of a soluble metallic salt. As a matter of course, a 
Solution which contains a free acid or an acid salt can no loDger 
be considered simply aqueous, and the subsequent examination 
must accordingly be conducted with due regard to the pos- 
sible presence of substances insoluble in water but soluble in 
acids. 

ö. Reddened litmus paper turns blue : this indicates the 27 
presence of free alkalies or alkaline carbouates, free alkaline 
earths, aUsaline sulphides, and of a number of other salts which 
fihow this reaction. In presence of a free alkali, a body dis- 
solved in a fluid is as likely to belong to the class of sub- 
stances soluble, as to that of bodies insoluble in water. For 

n2 
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the waj to settle this point, and also for further information on 
the subject of alkaliue Solutions in general, I refer to { 187, 
I. 2 (104). 

' 3. Smell the fluid er, should tbis fall to give satisfitctoir restilt^, 28 
distili to ascertain whether the simple solvent present is wuter, 
alcohol, ether, &o. If you find it is not water, evaporate the 
Solution to diyness, and treat the residue as directed {174. 

4. If the Solution is aqueous, and manifests an aeid reaction, 29 
dilute a portion of it largely with water. Should this impart a milky 
and turbid appearance to it, the presenoe of avtimokt^ bismüth 
(possibly also of tin) may be inferred. If the precipitate disappears 
upon the addition of tartaric acid, there is reason to believe it con- 
sists of antimonj ; if it is not redissolved by tai*taric acid^ bat by 
nitric acid, you may assume the presence of bismuth. Treat the ori- 
ginal fluid either as directed § 180 or as directed § 187, according as 
you have reason to suppose it to be the Solution of a simple or a 
Compound (mixed) substanoe, 

II. SoLtJTIOK OF BODUS, OB GlASSIFICATIOV of 8UB8TAirCE8 
ACCORDING TO THEIB DeFOBTHEBTT WITH CeBTAHT SoL- 
VENT8.* 

§ 177. 

Water, hydrochloric or nitric acid, and aqua regia are the solvents 30 
used to classify simple or Compound substances, and to isolate the 
eomponent parts of mixtures. We divide the various substances 
into three classes, according to their respective behavior with these 
solvents. 

Firat class. — Substances solüble in watbb. 

Second class. — Substances insolüble or sparingly soluble 

IN WATER^ BUT SOLUBLE IN HTDBOCHLORIC ACID, NITRIC ACID, OB 
AQUA REGIA. 

Third dasa, — Substances insoluble ob difficuitly soluble 
IN water as well as in hydrochloric acid, nitric acid, and 

AQUA REGIA. 

The Solution of alloys being more appropriately eflected in a dif- 
ferent manner from that pursued with other bodies, I shall give a 
special method for these substances (see § 179). 

The process of Solution is conducted in the foUowing manner. 

A. The Substance under Examination is neitheb a Metal nor 

AN AlLOY. 

§ 178. 

1. Put about a gramme (15*5 grains) of the finely pulverized sub- 31 
stance under examination into a small flask or a test-tube, add from 
ten to twelve times the amount of distilled water, and heat to boil- 
ing over a spirit- or gas-lamp. 

a. The substance dissolyes completely. In that case it 32 
belongs to the flrst class ; regard must be had to what has been 

* Ooiuralt the remarks in the third secUoix, 
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stated in § 176, 2 (26)» concerning the reactions with test- 
papers. Treat the Solution either as directed § 180 or as di- 
rected § 187, according as either one or several acids and bases 
are supposed to be present. 

b. An insolüble kesidue remains, even apter protbacted 33 
BOILIKO. Let the residue subside, and filter the fluid off, if 
practicable in such a manner 'ha to retain the residue in the 
test-tube ; evaporate a few drops of the clear filtrate on pla- 
• tinum foil; if nothing remains, the substance is completely 
insoluble in water ; in which case proceed as directed § 178, 
2 (34)' Btit if a residue remains, the substance is at least 
partly söluble ; in which case boil again with water, filter, add 
the filtrate to the original Solution, and treat the fluid, accord- 
ing to circumstances, either as directed § 180, or according to 
§ 187. Wash the residue with water, and proceed as directed 

§178,2(34). 

2. Treat a small portion ofthe residue which hasbeen boiled with 34 
water (^3) with dilute hydrochloric acid. If it does not dissolve, 
heat to boiling, and if this fails to effect complete Solution, decant 
the fluid into another test-tube, boil the residue with concentrated 
hydrochloric acid, and, if it dissolves, add it to the fluid in 
the other test-tube.' The reactions which may manifest theni- 
selves in this Operation, and which ought to be carefully observed 
are, (a) Effervescence, which indicates the presence of carbonic acid 

or hydrosulphuric acid ; (ß) Evolution of chlorine, which indicates 
the presence of peroxides, Chromates, &c, ; (y) Emission of the odor 
bf hydrocyanic acid, which indicates the presence of insoluble Cya- 
nide». The analysis of the latter bodies being effected in a some- 
what different manner, a special paragraph will be devoted to 
them (see § 202). 

a. The besidue is completely dissolved by the hydro- 35 
CHLORIG ACID (except perhaps that sulphur separates, which 
may be known by its color and light specific gravity, and may, 
after boiling some time longer, be removed by filtration ; or 
that gelatinous hydrate of silicic acid separates). Proceed, ac- 
cording to circumstances, either as directed § 183, or as directed 
§ 188, after previous filtrs^tion if neceasary, The body belongs to 
the second class. To make quite sure of the actual nature of 
the. sulphur or hydrated silicic acid filtered off, examine these 
residuary matters as directed § 186^ or as directed § 201. 

h. There is still a residue left. In that case put aside 36. 
the test-tube containing the specimen which has been boiled 
with the hydrochloric acid, and try to dissolve another sample of 
the substauce under examination, by boiling with nitric acid^ 
and subsequent addition of water. 

a. The amnple is completely dissolved, or leaves no other 37 
residue hut svlphu/r or the gelatinous hydrate of silicic add ; 
in this case also the body belongs to the second class. TJse this 
Solution to test further for bases, and then proceed as 
directed in 2, a (35)' 

ß, After boiling with nitric acid there is still a residue left 38 
" Pass on to 3. 

3. If the residue insoluble in water will not entirely dis-.39P 
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solve in hydrocliloric acid nor n niirio acid| tiy to effect com- 
plete Solution of it by means of nitro-hydrochloiic acid. To this 
end mix the contents of the tube treated witb nitric acid witb 
the Contents of the tube treated with concentrated bydroctüoi^ic 
^id; heat the mixture to boiling, and should this £eJ1 to effect 
complete Solution, decant tl^e clear fluid off from the undissolved 
residue, boil the lattßr for some*time with concentrated nitro- 
hydrochloric acid, and add the decanted Solution in dilute aqua 
regia as well as the Solution in dilute hydrochloric acid decanted 
in § 178| 2 (34)* Heat the entire mixture onoe more to boiling, 
and obserre whether complete Solution has now been eflected, or 
whether the action of the concentrated nitro-hydrochloric acid has 
still lefb a residue. In the Icfitßr caae, Alter the Solution — if neces- 
sary, after addition of some water* — ^wash the residue with boiling 
water^ and proceed with the flltrate, and the washings added to it, 
as directed § 183, or as directed § 188 ; — ^in the former case, proceed 
with the clear Solution in the same way.t 

4. If boiling nitrohydrochloric acid has left an undissolved re* 40 
sidue, wash it thoroughly with water, and then pro<;eed as directed 
§ 186, or as directed § 201. 

B. The Substance uitder Exaicikatiok is a Metal ob 

AN Alloy. 

§179. 

The metals are best classed according to their respective behavior 41 
with nitric acid : this gives us, 

I. Metals which abb not attacked by nitbic acid : gold, 
platinum. 

II. Metals which abe oxedized by nitric acid, but of which 

THE OXIDES DO NOT DISSOLYE IN AN EXCESS OF T9E ACID NOB IN 

wateb ; antimony, tin. 

III. Metals which abe oxidized by nitric acid and convebted 

INTO NITBATES, which DISSOLYE IN AN EXCESS OF THE ACID OB IN 

WATEB : all other metals. 

Pour nitric acid of 1*25 sp. gr. over a small portion of the metal 
or alloy under examination, and apply heat. 

1. Complete Solution takes place, eitheb at once ob upon 42 
ADDITION OF WATEB ; this proves the absence of platinum, J gold, 
antimony, II and tin. Proceed, accordiog to circumstances, either as 
directed § 183, or as instructed § 187, III. (109). 

2. A BESIDUE IS LEFT. 

a. A metallic residue, Filter, and treat the filtrate as di- 43 
rected § 187, III., after having examined, in the first place, 

* If the fluid tums tnrbid npon addition of water, thia indicates the presence of 

"bismutli or antimony ; the turbidity disappears again upon addition of hydrochloric acid. 

+ If the acid Solution on cooling deposits acieular crystals, the latter generally condst 

of cUoride of lead ; it is in th(it case often advisable to decant the fluid off from the 

crystals, and to examine fluid and crystals separately. 

X AUoys of silver and platinum, with the latter metal present in small proportion only, 
dissolve in nitric aoid. 

Yery minute traces of antimony, howeyer, are often completely dissolved by nitric 
:^ad« 
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whether anything has really been dissolved. Wash the residue 
thoroughly, dissolve in nitrohydrochloric acid, and add to a por« 
tion of the Solution chloride of potassium and alcohol; to 
another portion, sulpliate of pr9toxide of iron ; a yellow preci- 
pitate in the first indicates the presence of platinüm, a black 
precipitate in the second, the presence of oold. 

b. A white, pulverulent reaidue; this indicates the presence 44 
of ANTIMONY and TIN. Filter, ascerfcain whether anything has 
been dissolved, and if so treat the filtrate as directed § 187, III. 
Wash the residue thoroughly, and heat it with a hot saturated 
Solution of bitartrate of potassa, or with a Solution of tartaric 
aeid. 

a, Complete Solution ensues ; this indicates the presence of 45 
oxide of ANTIMONY alone -, test the Solution with hydrosulphu- 
ric acid, after addition of some hydrochlorio acid. 

ß, A white residue remains, even after boiling with a 
fresh portion of Solution of bitartrate of potassa or tartaric 
acid ; this indicates the probable presence of tin. Filter and 
mix the ültrate with some hydrochlorio acid, then with Solu- 
tion of hydrosulphuric acid. If an orange-red precipitate is 
formed, teboxide of antimont is present. It is always 
necessary to ascertain whether the residue cousists really of 
binoxide of tin : which may be known by heating it to redness^ 
then fusing it in a small tube with Cyanide of potassium, boil- 
ing the reduced metal with water, then heating with hydro- 
chlorio acid, and testing the Solution with clüoride of mercury 
(§ 133). 

III. Actual Examination. 

Simple Compounds,* 

A. Sübstances soluble in "Wateb. 

Detection o/the Base.f 

§ 180. 

1. Add some hydrochlorio acid to a portion of the aqueous aolu- 46 
on. 

a. No precipitate is fobmed ; this is a positive proof of the 
absence of silver and suboxide of mercury, and is likewise an 
indication of the probable absence of lead. Pass on to § 180^ 2 

(50). . . . ^ 

b, A pbecipitate is formed. Divide the fluid in which 47 
the precipitate is suspended into two portions, and add ammo- 
nia in excess to the one. 

a. The precipitate redissolves, and tJie fluid becomes clear ; 
this shows the precipitate to have cousisted of chloride of 
silver, and is cousequently indicative of the presence of silvee. 

* This term is used here, and wherever it happens to occur hereafter in the present 
ork, to designate Compounds supposed to contain only one base and one acid, or one 
eial and one non-metallic element. 

f Arsenious acid and artenio acid are indudcd bero. 
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To arrive at a positive conviction on this point, the original 
Solution must be tested with Chromate of potassa, and with 
hydrosulphuric acid (see § 114, 4, and § 138, b, 6). 

ß, The precipitate iums block : this sbows the precipitate 48 
to have consisted of subchloride of mercury, which has now 
been converted by the ammonia into suboxide of mercury ; it 
is consequeutly iudicative of.the presence of suboxide of 
MERCURT. To set all doubt on this point at rest, test the ori- 
ginal Solution with protochloride of tin, and with metallic 
copper (see § 115). 

y. The precipitate remains wnaUered; it consists in that 49 
ca8e of Chloride of lead, which is not dissolved by ammonia ; 
this reaction is accordingly indicative of the presence of lead. 
Whether the precipitate consists really of Chloride of lead or 
not is couclusively ascertained : Ist, by diluting the second 
portion of the fluid in which the precipitate produced by hydro- 
chloric acid is suspended, with a large amount of water, and 
applying heat ; the precipitate must dissolve if it consists 
of Chloride of lead ; and 2nd, by adding dilute sulphiuric 'acid 
to the original Solution (§ 116, 8). 
2. Add to the fluid acidified with hydrochloric acid (1) Solution 50 
of hydrosulphuric acid until it smells distinctly of that gas, even afler 
shaking, and heat the mixture. 

a. The fluid remains clear. Pass on to 3 (Sß)» since this 
iß a proof that lead, bismuth, copper, cadmium, oxide of mer- 
cury, gold, platinum, tin, antimony, arseuic, and sesquioxide of 
iron, are not present. 

b, A precipitate is formed. 

a. This precipitate is white ; it consists in that case of 51 
separated sulphur, and is indicative of the presence of sesqui- 
oxide of irox (§ 110, 3). However, as the Separation of 
sulphur may also be caused by other substances, it is indis- 
pensable thät you sliould satisfy yourself wheiher the sub- 
stance present is really sesquioxide of iron or not. For this 
purpose test the original Solution with ammonia, and with 
ferrocyanide of potassium (§ 110, 5 and 6). 

ß, The precipitate is yellow ; in that case it may con- 52 
sist either of snlphide of cadmium, sulphide of arsenic, or 
bisulphide of tin; it indicates accordingly the presence of 
either cadmium, arsenic, or binoxide of tin. To distinguish 
between them, mix a portion of the fluid wherein the pre- 
cipitate is suspended with ammonia in excess, add some sul- 
phide of ammonium, and heat. 

aa, The precipitate does not diasolve ; it consbts of cad- 
mium ; for sulphide of cadmium is insoluble in ammonia 
and sulphide of ammonium. The blowpipe is resorted to 
as a contirmatory test (§121, 8). 

bb. The precipitate diaaolvea : binoxide of tin or 
arsenic ; add ammonia to a small portion of the original 
Solution. 

aa, A white precipitate ia formed, Binoxide of tin . 
is the substance present. Positive conviction is ob- 
tained by reducing the precipitate before the blowpipe, 
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with Cyanide of potassium and carbonate of soda 
(§ 129, 8). 

ßß. No precipitcUe is formed. This indicates the pre- 

sence of arsenic Positive conviction may be arrived 

at by the production of an arsenical mirror, wbj^ is 

effected by reduoing the original substanoe or the pre- 

eipitated sulphide of araenic, either with Cyanide of 

potassium and carbonate of soda, or in some other way ; 

and moreover by exposing the original substance in oon- 

junction with carbonate of soda to the inner flame of 

the blowpipe (§ 131, 12 and 13). If the Solution (50^ 

contained a/rsenioibs acid, the yellow precipitate (52) 

formed immediately upon the addition of the hydrosul- 

phuric acid ; if CMrsenic acid, it formed only upon the 

application of heat, or afber long standing. For further 

Information respecting the means of distinguishing be- 

tween the two acids see § 133. 

y. The PRBOiPiTATB IS ORANOE-ooLOBED ; in that case it 53 

consists of tersulphide of antimony, and indicates the pre- 

sencQ of TEROxiDE OP ANTiMONY. For coufirmatiön, the 

original Solution is tested with zinc in a small platinnm^* 

diah (§ 130, 8). 

0. The PRECIPITATE IS BROWN. It coBsists of protosul- 54 
r phide of tin, and indicates the presenoe of protoxide of tin. 
To remove all doubt, test a portion of the original Solution • 
with Solution of chloride of mercuiy (§ 128, 8). ^ 

e. The precipitate is brownish-blaoIl ob blaok. It may 55 
in that case consist of sulphide of lead, sulphide of copper, 
tersulphide of bismuth, tersulphide of gold, bisiilphide of 
platinum, or sulphide of mercury. To distinguish between 
these difierent sulphides, the foÜowing experiments are re- 
sorted to. i 

aa» Add dilute sulphuric acid to ^, portion of the original 
Solution ; if a white precipitate is formed, this indicates 
LEAD. To dispel all doubt, test with Chromate of potassa 
(§116). 

hK Add Solution of soda to a portion of the original 
Solution ; if a yellow precipitate is formed, this indicates 
OXIDE op MERCURT. The reactions with protochloride of 
tin and metallic copper afford positive certainty on the 
point(§118). 

The presence of oxide of mercury is usually sufficiently 
indicated by the several changes of color through which the 
precipitate produced by the Solution of hydrosulphuric acid 
in the fluid under examination is observed to pass-j.this 
precipitate is white at first, but changes upon the addition 
of an excess of the precipitant to yellow, then to orange, 
and finally to black (§118, 3). 

cc. Add ammonia In excess to a portion of the original 
Solution ; if a bluish precipitate is formed which redissolves 
in an excess of the precipitant, imparting an azure color to 
the fluid, this indicates copper. To remove all doubt, test 
with ferrocyanide of potassium (§ 119.). 
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dd. If the precipitate prodaced bj ammonia was white, 
and excess of ammonia has failed to redissolye it, filter the 
fluid ofi^ wash the precipitate, dissolve it on a watch-glass 
in 1 or 2 drops of hydrochloric acid, with addition of 2 
drops of water, and then add some more water. If the 
Solution tums turbid and milky, tiiis is caused by basic 
terchloride of bismuth : the reaction oonsequ^itly indicates 
BiSMUTH. The blowpipe is resorted to as a oondusive test 

(§ 120). 

66, Add Solution of sulphate of protoxide of iron to a 
portion of the ori^nal Solution. The formation of a flne 
black precipitate ia indicative of the presence of gold. To 
remove all doubt as to the nature of the preci(Htate, expose 
it to the flame of the blowpipe, or test the original Solution 
with protochloride of tin (§ 125). 

ff, Add Chloride of potassium and aloohol to a portion of 
the original Solution ; the formation of a jellow crjstalline 
precipitate is indicative of the presence of platinuk. 
To remove all doubt, heat the precipitate to redness 
(§126). 
3. Mix a small portion of the original Solution with chloride of 56 
ammonium, add ammonia to alkaline reaction, and th^i, no matter 
whether the latter reagent has produced a precipitate or not^ a little 
snlphide of ammonium, and applj heat, if a pieoipitaie fidl to sepa- 
late in the oold. 

o. No PRBdPiTATB 18 POBMED ; pass on to § 180, 4 (62); 
iar iron, oobalt^ nidce!, manganese, zinc, chiomium, alumina, and 
siücic add, are not present^ 

k, A PftBCXIlTATB 18 FOXMKD. 

«. Tk6 predpiiaU ü black : protoxide of iron, niok^ or 57 
cobalt. Mix a portion of the original Solution with some 
Solution of potassa or aoda. 

<Mk A dirty g^^aaiish-white precipitate is Ibmied, which 
80on changes to reddLsh-brown, npon exposurs to the air : 
noioxiDK OF UKur. To remoTe all doubt^ test witii ferri- 
Cyanide of potassium (§ 109). 

66. A precipitate of a light greemsh tint is produced, 
idiioli does not change ooIch': xicxel. Tbe reaction 
with ammonia, and the pradpitatioa of the ammoniacal 
solutioii by potassa or soda, wiU affbrd positiTe oertaintj 
on the pennt ($ 107). 

ce. A ainf-btue precipitate is foroaed, iHiidi is diaool<»ed 
upon boiUng^ and aequiros a dark tint: oobais: The 
blowpqi« is raoraod to as a cHxlQsm tost (§ 108). 

««. if tha preopitatp is disdnethf flesh-colored, it con- 

of the prasenoe «if r»m>xuis of xaxoakbsb. To remove 
all dcm^ add aoda to the onjsinal solatäoii, or tzy before 
the blowpipe ($ lOtiV 

66. If the prMapitabr » b}«ish-f:9«ei>, it ooiwaft.^ of hy- 
drated sesqpaioxide of «hiondasu and is comaeqmBDÜj indi- 
caüit« of the p rawfto s of ssa^csoxiiaB or caoaoiMznL To 
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dispel all doubt^ test the original Solution with soda, and 
apply the blowpipe tests (§ 101). 

0C. If the {»recipitate is white, it may consist of hydrate 59 
c^ alumina, or hydrate of silidc acid, or sulphide of zinc, 
and xnay accordmgly point to the presence of either alii- 
znina or ozide of zinc or ailicic acid ; the latter, in that 
case, is generally contained in the original Solution as 
an alkaline Silicate. To distinguish between these three 
bodieSy add to a portion of the original Solution a drop 
of sc^ution of soda, wait to see whether this produces 
a precipitate, aod then add some more Solution of soda, 
until the {»reoipitate formed is redissolved. 

aa, If Solution of soda falls to produce a precipi- 60 
täte, there is reason to test for silicic acid. For 
that purpose, eväporate a portion of the original Solution 
with hydroohloric acid to dryness, and treat the residue 
with hydrochloric acid and water (§ 150, 2), when the 
silicic acid will be lefb undissolyed. Determine the na- 
ture of the alkaU which has been dissolved, as directed 
§ 180, 6, b (66). 

ßß, If Solution of soda produces a precipitate, which 
redissolves in an excess of the precipitant, add to a por- 
tion of this alkaline fluid hydrosulphuric acid ; the for- 
mation of a white precipitate indicates the presence of 
zi^o, The reaction with Solution of nitrate of protoxide 
of cobalt before the blowpipe will afford oonclusive proof 
(§ 105). If hydrosulphuric acid falls to produce a pre- 
cipitate, add to the remaining portion of the alkaline 
fluid Chloride of ammonium, and apply heat. The for- 
niation of a white precipitate indicates the presence of 
ALUMINA. The reaction with Solution of nitrate of prot- 
oxide of cobalt before the blowpipe will aflbrd conclusive 
proof (§ 100). 

Noteto^ 180, 3, 6,j3(58). 

As very slight contaminations may impair the distinotness of the 
tints exhibited by the precipitates considered in § 180, 3, 6, ß (58)> 
it is advisable, in all ca$es where the least impurity is suspected, to 
adopt the foUowing niethod for the detection of manganese, chro 
mium, zinc, alumina, and silicic acid. 

Add Solution of soda to a portion of the original Solution, flrat gl 
in small quantity, then in excess. 

aa, No precipitate iaformeä : silicic acid may be assumed 
to be present ; proceed as directed § 180, 3, 6, /3, aa (60)» 

66. A whitish precipitate is formed, wliich does not redis- 
solve in an excess of the precipitant, and speedily tums black- 
ish-brown upon exposure to the air : manganess:. The blow- 
pipe is resorted to as a conclusive test (§ 106). 

cc, A precipitate is formed which redissolves in an excess 
of the precipitant: sesquioxide of chromium, alumina, 

OXIDE OF ZINC. 

aa. Add hydrosulphuric acid water to a portion of the 
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alkaline solutioD. The formation of a white preeipitate 
indicates the presence of ziNC. 
;. ßß. If the original or the alkaline Solution is green, and 

if the preeipitate produced hy soda and redissolved b j an 
excess of the precipitant, was of a bluish color, sesqüIoxide 
OF CHROMIUM is present. To remove all doubt, heat the 
alkaline Solution to boiling, or try the reaction before the 
blowpipe (§ 101). 

yy. Add Chloride of ammonium to the alkaline Solution. 
The formation of a white preeipitate indicates the presence 
of ALUMINA. The reaction with Solution of nitrate of 
protoxide of cobalt before the blowpipe will afford conclu- 
sive proof (§ löO). 

4. Add to a portion of the original Solution chloride of ammonium 62 
and carbonate of ammonia, mixed with some caustic ammonia, and 
heat gentlj. 

a. No PRECiPiTATE IS FORMED : abscuce of baryta, strontia, 
and Urne. Pass on to § 180, 5 (64)* 

5. A PRECIPITATE IS FORMED '. preseuoe of baryta, strontia, 63 
or lime. 

Add a considerable quantity of Solution of sulphate of lime to 
a portion of the original Solution. 

a. The soliUion doea not become tu/rlnd, not wen afler the 
lapae offromfifoe to ten minutes : like. To remove all doubt, 
test with Oxalate of ammonia (§ 96). 

ß. The Solution beoomea Pwrbidf out ordy afi&r the la/pse of 
some time : strontia. The alcohol flame wül afford conclu- 
sive proof (§ 95). 

y. A preeipitate is immediatdy formed : baryta. To re- 
move all doubti test with hydroÜuoflilicic acid (§ 94)< 

5. Mix that portion of the Solution of 4 in which carbonate of 64 
ammonia has, after previous addition of chloride of ammoniumi 
failed to produce a preeipitate, with phosphate of soda, add some 
more ammonia, and rub the sides of the vessel with a glass rod. 

a. No PRECIPITATE IS FORMED : abseuce of magnesia. Pass 
onto§180,6(65). 

h, A CRYSTALLINE PRECIPITATE IS FORMED : MAGNESIA. 

6. Evaporate a drop of the original Solution on perfectly clean 65 
platinum foil as slowly as possible, and gently ignite the residue. 

a. There is NO FiXED RESIDUE LEFT. Test for ammonia, by 
adding to tbe original Solution hydrate of lime, and observing 
the odor and reaction of the escaping gas, and the fumes which 
it forms with acetic acid (§ 90). 

h, There is a fixed residue left : potassa or soda. Add 66 
bichloride of platinum to a poHion of the original Solution, 
having first concentrated it by evaporation if dilute, and shake 
the mixture. 

a. No preeipitate is Jbrmed, not even afler the lapse o/ten or 
Jlßeen minutes : soda. The blowpipe flame and alcohol flame 
are selected as conclusive tests, or the reaction with anti- 
nionate of potassa is resorted to for the purpose (§ 89). 

ß. Ä yelhw orystaUi/ne preeipitate is formed: potassa. 
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The reaotioa with tartaric acid, the blowpipe flame aud 
alcohol flame are selected as conclosive tests (§ 88). 

Simple Compou/nds, 

A. SUBSTAKCES SOLÜBLE IN WaTBR. DeTECTION OF THE AciD. 

L Detectum of Inorgcmic Acida, 

§ 181. 

Befleot in the first place which of the inorganic acids form solable 
Compounds with the detected base (compare Appendix IV.), and 
bear this in mind in your subsequent Operations. 

1. Arsenious acid and arsenio acid have already been consi- 67 
dered in the preceding paragraph (detection of the base). Thes ^ two 
acids are distinguished from each other by their respective beh vior ' 
with nitrate of silver, or with potassa and sulphate of copper (see 

§ 133). 

2. The presence of carbonic acid, htdbosulphuric acid, and 68 
CHBOMic acid, is also indicated already in the oourse of the process 
pursued for the detection of the bases. The two former betray their 
presence by effervescing upon the addition of hydrochloric acid ; they 
may be distinguished from one another by their odor. Should addi- 
tional proof be required, the presence of carbonic acid may be ascer- 
tained beyond a doubt by the reaction with lime- water (see § 149), 
and that of hydrosulphuric acid by the reaction with Solution of 
acetate of lead (§ 156). The presence of chromic acid is invariably 
indicated by the yellow or red tint of the Solution, as well as by the 
transition of the red or yellow color to green, accompanied by the 
Separation of sulphur, upon the addition of hydrosulphuric acid water. 
To remove all doubt, try the reactions with Solutions of acetate of 
lead and of nitrate of silver (§ 138, h), 

3. Add some chloride of barium to a portion of the Solution, then — 69 
if the fluid has remained clear, and the reaction is acid — ammonia 

to slightly alkaline reaction. 

a. The fluid remains clear. Pass on to § 181, 4 (71). 
The absence of sulphurio acid, phosphoric acid, and silicic acid 
is certain, that of oxalic acid and boi*acic acid probable ; as the 
baryta Compounds of the two latter acids are kept in Solution by 
ammoniacal salts, whilst borate of baryta does not separate from 
düiUe Solutions, even in the absence of ammoniacal salts. 

b. A pbecipitate is formed. Add dilute hydrochloric acid 70 
in moderate excess. 

a. The precipitate dissolves : absence of sulphuric acid. Pass 
on to 4 (71). 

ß, The precipUcUe remains undisaohedy even on the addition 
of a large quantity of water : sulphuric acid, 

4. Add Solution of sulphate of lime to another portion of the 71 
Solution (which, if it has an acid reaction, must flrst be neutralized, 

or made slightly alkaline, by means of ammonia). If no salt of 
ammonia is present, add some chloride of ammonium before adding 
the Solution of sulphate of lime. 
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a, No PRBCiFiTATE IS FORMED : ahsence of phospboric acid, 
silicic acid, ozalic acid, and fluorine« Pass onto 5 (73 X 

6. A PRECiPiTATE IS FORMED. Add acetlc acid in excess. 72 

a. The precipitcUe redissoloes readily : phosphorig acid or 
siLicio ACID. The reaction with molybdic acid (§ 143) will 
afford conclosiYe proof of the presence of the former acid ; ta 
obtain positive certainty aa to the presence of the latter, 
evaporate the Solution, acidified with hydrochloric acid, to 
drjness, and treat the residue with hydrochloric acid. 

ß. The precipitcUe remaina undissolved or dissdves vntk 
difficvUy : oxalic acid or fluorine. Oxalate of lime is 
polverulent, fluoride of calcium flocctdent and gelatinons. 
The reaction with binoxide of manganese and sulphnric acid 
(§ 146) will afford conclusive proof of the presence of oxalic 
acid; the reaction on glass (etching) of the presence of 
fluorine (§ 147). 
5, Acidifj a fresh portion of the original Solution with nitric acid, 73 
and add Solution of nitrateof silver. 

a, The fluid remains clear. This is a proof of the absence 
of chlorine, bromine, iodine, ferrocyanogen, and ferricyanogen ; 
the absence of cyanogen (in simple cyanides) is also probable. 
Of the soluble metallic cyanides, Cyanide of mercury is not pre- 
cipitated by nitrate of silrer ; if, therefore, in the' analytical 
prooess for the detection of the bases, mercury has been founxl, 
Cyanide of mercury may be present. For the manner of de- 
tecting the cyanogen in the latter, see § 155) 8. Pass on to 6 

(76). 

b. A PRECIPITATE IS FORMED. 

a. Ther precipitaie ia orange : ferricyanogen" ; the reaction 74 
with sulphate of protoxide of iron is resorted to as a con- 
firmatory test (§ 155, Appendix). 

ß, The precipitate is white or yellowish-white, Add ammo- 
nia in excess. 

aa. The precipitate is not dissolved : iodine or ferro- 
cyanogen. In the former case the precipitate is pale 
yellow, in the latter white and gelatinous. The reaction 
with starch and hyponitric acid (§ 154) will afford conclu- 
sive proof of the presence of iodine, the reaction with ses- 
quichloride of iron of the presence of ferrocyanogen 
(§ 155, Supplement). 

ßß. The precipitate is dissolved : chlorine, brohine, 75 
or CYANOGEN. If the original substance smells of hydro- 
cyanic acid, and the silver precipitate dissolves with some 
difficulty in the ammonia, the precipitate may be assumed 
to consist of Cyanide of silver, and, consequently, to indicate 
the presence of cyanogen. To remove all doubt on the 
point, add to the original Solution sulphate of protoxide of 
iron, Solution of soda, and hydrochloric acid (§ 155). If 
addition of chlorine water imparts a yellow tint to the 
original Solution the precipitate may be held to consist of 
bromide of silver, and consequently indicates the presence 
of BROMINE ; if the bromine is present only in very small 
Proportion, ether must be used in conjunction with 
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chlorine water to make tHe reaction distinctly apparent 
(§ 153). In the proved absence of both bromiure and 
cjanogen, the precipitate consists of cbloride of silyer, and 
conseqnently säiows the presence of chlorine. 

6. Add to a small portion of the aqueotis Solution hydrochloric 76 
acid^ drop bj drop, iintil a distinct acid reaction is just imparted to 
the fluid, then dip in a slip of turmeric papor, take it out, and dry 

it. If the dipped portion looks brownish-red, boracic acid is 
present To settle all doubt on the point, add sulphuric acid and 
alcohol, and set Are to the latter (§ 145). 

7. With regard to nitbio acid and chlorig acid, theae ara 77 
usually disoovered already in the course of the preliminary exami- 
nation (see § 174, 2, c [6] ). The reaction with sulphate of prot- 
oxide of iron and sulphuric acid (§ 159) will afford conclusire 
evidence of the presence of the former, treatment of the solid salt 
with concentrated sulphurixs acid, of the presenoe of the latter acBd 

(§ 160). 

Simple Compownda. 

A. SUBSTANCES SOLUBLE IK WaTER. I>ETECnON OF THE AciD. 

IL Detection ofOrganw Ädds, 

§ 182. 

1. Add ammonia to a portion of the aqueous Solution of the 78 
Compound under examination to slight alkaline reaction, then 
Chloride of calcium. If the Solution was neutral, or only slightly 
acid, add chloride of ammonium before adding the Chloride of 
calcium. 

a. No PRECIPITATE IS FOKMED, KOT EVEN AFTER SHAKIKG 
THE FLUID NOR AFTER THE LAPSE OF A FEW MIN UTES : absence 

of oxalic acid and tartaric acid. Pass on to § 182, 2 (80)« 

h, A PRECIPITATE IS FORMED. Add lime-water in excess 79 
to a fresh portion of the original Solution, and then add Solution 
of Chloride of ammonium to the precipitate formed. 

a. The precipücUe redissolvea: tartaric acid. The re- 
action with acetate of potassa may be lesorted to as a confir- 
matory test ; but a still more positive proof will be afforded 
by the deportment which the precipitate produced by the 
Chloride of calcium, and properly washed, exhibits with Solu- 
tion of soda or with ammonia and nitrate of silver (§ 162). 
ß, The precipitate does not redissolve : oxalic acid. To 
' remove all doubt, try the reaction with concentrated sul- 
phuric acid (§ 146). 

2. Heat the fluid of 1, a, to boiling, keep at that temperature 80 
for some time, and add some more ammonia to the boiling fluid. 

a. It REMAINS CLEAR : absence of citric acid. Pass on to 
§ 182, 3 (81). 

b, It becombs turbid, and Deposits a precipitate : citric 
ACID. To remove all doubt as to the nature of the acid, add 
Solution of acetate oflead in excess, wash the precipitate formed, 
and see whether it dissolves readily in ammonia (§ 163). 

3. Mix the fluid of 2, a, with alcohol. ^^ 
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a, It REMAtKS cleab: absence of malic acid. Pass on to 
§ 182, 4 (82). 

6. A PRECiPiTATE IS FOBMED : MALio Acm. To remove all 
doubt, it is inva/riahly necessary to try tbe reaction with acetate 
of leäd, to See wbetber tbe precipitate produced bj tbat reagent 
disRolves witb difficulty in ammonia, and to examine its deport- 
ment wben tbe fluid in wbicb it is suspended is beated to boiling 

(§ 16*)- 
4. Neutralize a portion of tbe original Solution completdy (if not 

already absolutely neutral) witb ammonia or witb bjdrocbloric 82 

acid, and add Solution of sesquicbloride of iron. 

a. A BULKT PBECIPITATE FOBMB, OF A CINKAIION BBOWN, OB 

PIBTT YELLOW COLOB. Wasb tbe precipitate, beat it witb 
ammonia, Alter, concentrate tbe filtrate by evaporation, divido 
into two parts, and add to tbe one some bydrocbloric acid, to 
tbe otber alcobol and cbloride of barium. Tbe formation of a 
precipitate in tbe flrst portion indicates tbe presence of benzoic 
ACID, a precipitate in tbe second denotes tbe presence of succi- 
Nic ACID. Compare § 167 and § 168. 
h. Tue liquid acquibes a batheb intense deep bed tint, 83 

AND, UPON PBOTBACTED BOILING, A LIGHT BEDDI8H-BB0WN PBECI- 
PITATE SEPABATES : acetlc acid or formic acid. Heat a portion 
of tbe solid salt under examination, or, if tbe substance i» in tbe 
fluid State, of tbe residueleft upon evaporating tbe fluid (wbicb, if 
acid, you must neutralize flrst witb soda), witb sulpburic acid 
and alcobol (§ 170). Tbe cbaracteristic odor of aoetic etber 
indicates tbe presence of acetic acid. 

If you do not detect acetic acid in tbe fluid, you inay con- 
clude tbat tbe substance under examination contains fobmic 
acid : to remove all doubt, try tbe reactions witb nitrate of 
ßilver and cbloride of mercury (§ 171), 

Simple Compounds, 

£. SUBSTANCES INSOLUBLB OB SPABINGLT SOLUBLE IN WATEB, BUT 

soluble in Hydboohlokic Acid, Kitbic Acid, ob Nitbohydbo- 
chlobic aoid. 

Detection ofthe Base,* 
§ 183. 

Dilute a portion of tbe Solution in bydrocbloric acid, nitric acid, 84 
or nitrobydrocbloric acid witb water,f and proceed exactly as direeted 
§ 180, beginuing at 1 (46)) iu cases wbere tbe substance is dissolved 
in nitric acid, and at 2 (50)? i^ tbe Solution already contains bydrocbloric 
acid. Particular regard must be bad in tbis to tbe foUowing observa- 
tions : we bave seen § 180, 3, 6, /3, cc (59)> tbat if, in cases wbere we 

* Begard is also Iiad here to certain salts of the alkaline earths, as this coarse of 
examination Icads directly to their detection. 

f If upon the addition of water the liquid becomes white and turbid or deposits a 
white precipitate, tbis indicates the presence of antimony or bismuth. Compare § 176, 
4 (29)* Heat with hydrochloric acid until the fluid has become clear again, and then 
pass on to § 180, 2 (60). 
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iYß A SUBSTANCE SOLUBLE IN WATER, we obtain, in the course of the 
:aminatiou, a white precipitate upon addiug cbloride of ammouium, 
amonia, and sulphide of ammonium, this precipitate can consist only 
' sulphide of ziuc, or alumina, or hydrate of silicic acid. But the case is 
fferent if the body is insolublb in water, but dissolves in hydrochlo- 
Q acid j for in that case a white precipitate produced by sulphide of 
amonium, in preseuce of cbloride of ammonium, may consist also of 
loupbates, borates, Oxalates, Silicates of the alkaline earths, or of 
lorides of their metals, or all their bodies are insoluble in water, 
it dissolve in hydrochloric acid, and (being only very sparingly 
luble also in Solution of cbloride of ammonium) accordingly separate 
;ain upon neutralization of that acid. If, therefore, a white preci- 
täte is jiroduced upon testing an acid Solution, under the circum- 
ances stated, and according to the directious of § 180, 3, b, /3, cc 
i9) proceed as follows : — 

1. If the resultsof the preliminaryexaminationhavegiven youreason 85 
► suspect the preseuce of silicic acid (§ 174, 4, 5, a [20])» evaporate 

portion of the hydrochloric acid Solution to dryness, meisten 
le residue with hydrochloric acid and add water. If silicic acid is 
resent, it will remain undissolved. Determine the base in the solu- 
on as directed § 180, 3 (56), or 4 (62). 

2. Add to a portion of the original hydrochloric acid Solution some 
irtaric acid, and afber this ammonia in excess. 

a, No permanent precipitate ib formed : absence of the 86 
above enumerated salts of the alkaline earths. Mix another por- 
tion of the original Solution with Solution of soda in excess, and 
add to the one half of the clear fluid cbloride of ammonium, to 
the other half hydrosulphuric acid. The formation of a preci- 
pitate in the former indicates the preseuce of alumina ; in the 
latter, the preseuce of zinc. Whether the alumina was com- 
bined with phosphoric acid, may be ascertained by testing a 
portion of the original hydrochloric acid Solution with molybdate 

of ammonia (143). 

b. A permanent precipitate is formed : preseuce of a salt 
of an alkaline earth. 

a. If by ignition of the substance in a glass tube (in the 87 
course of the preliminary examination — see § 174, 2) carbonic 
oxide and carbonic acid have been evolved, the body tuming 
slightly black in the process, you may assume the presence 
of an OXALATE. Heat a sample of the original substance 
to slight redness, dissolve the residue with hydrochloric acid, 
when ensuing effervescence will conflrm the presence of oxalic 
acid ; and ascertain the nature of the alkaline earth in the 
Solution as directed § 180, 4 (62)* 

ß, Add to a portion of the hydrochloric acid Solution ammo- 88 
nia until a precipitate forms ; then acetic acid until this is re- 
dissolved ; lastly, acetate of soda and adrop of Solution of ses- 
quichloride of iron : the formation of a white flocculent preci- 
pitant indicates the presence of phosphoric acid. Add now 
some more sesquichloride of iron until the fluid has acquired a 
distinct red color, boil, filter boiling, and test the filtrate, which 
is now free from phosphoric acid, for the alkaline earth with 
which the phosphoric acid was combined, as directed § 180, 4 
I. o 
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(62)> after having previously removed, hy precipitation with 
ammonia, the iron wliich maj have been dissolved. 

y. Test a portion of the origiiial substanoe, or of the preci- 89 
pit»te produced in the hydrochlorio acid Solution by ammonia, 
with suiphuric aoid for fluorine (§ 147). After removal of 
the fluorine, ascertain the nature of the alkaline earth now 
in the residue, combined with suiphuric acid. 

B. BoRACic ACID is detected in the h jdrochloric acid Solution 
by means of turmeric paper (§ 145), and the base combined with 
it, bj means of Solution of sulphate of lime (baryta, strontia), 
suiphuric acid, and alcohol (lime), or a large proportion of 
Chloride of ammonium, ammonia^ and phosphate of soda 
(magnesia). 

Simple Compounds. 

B. SUBSTANOES INSOLUBLE OR SPARINGLY SOLÜBLE DT WaTER, BUT 
SOLUBLE IN HyDROCHLORIC AcID, NiTBIC AcID, OR NlTRO-HYDRO- 

CHLORio Acid. 

DETECTION OF THE ACID. 

I. Detection of Inorganic Acida. 
§ 184. 

1. Chlorig acid cannot be present, since all chlorates without 90 
exception are soluble in water ; nitric a.cid, which may be present 

in form of a basic salt^ must have been revealed already by ignition 
of the body in a glass tube (§ 174), and so must cyanogen (§' 174, 2, 
e [8])* For the analysis of the insoluble metallic cyanides insoluble 
in water see § 202. The results of the test with phosphate of soda and 
ammonia will have directed attention to the presence of siLicic 
ACID (§ 174, 4, 6, a [20])» Evaporation of the hydrochloric acid Solution 
tb dryness, and treatment of the residue with hydrochloric acid and 
water will set all doubt at rest on the point. 

2. The course of examination laid down here for the detection of 91 
the bases leads likewise to that of arsenious and arsenic acids, car- 
BONic ACID, HYDROSULPHüRTC ACID, and CHROMic ACID. With regard 

to the latter acid, I repeat that its presence is indicated by the yellow 
or red color of the Compound, the evolution of chlorine which ensues 
upon boiling with hydrochloric acid, and the subsequent presence of 
sesquioxide of chromium in the Solution. Fusion of the Compound 
under examination with carbonate of soda is, however, the most con- 
clusive test for chromic acid (§ 138). 

3. Boil a portion of the substance with nitric acid. 92 

a. If nitric oxide gas is evolved, and sulphur separates, this 
is confiimative of the presence of a metallic sulphide. 

&. If violet vapors escape, the Compound is a metallic iodide. 

c. If reddish-brown fumes of a chlorine-like smell are evolved, 
the Compound is a metallic brokide, in which case the fumes 
will color starch yellow (§ 153). 

4. Dilute a portion of the Solution obtained by boiling with nitric 93 
acid (3 [921) — or of the filtrate of this Solution, should the nitric 
acid have left an undissolved residue — with water, and add Solution 

of nitrate of silver to the fluid. The formation of a white precipitate 
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which, after wasHing, is soluble in ammonia^ and fuses withoat de- 
composition when heated, indicates the presence of chlobine. 

6, Boil a portion of the substance with hydrochloric acid^ filter, if 94 
necessarj, düute vrith water, and add chloride of barium. The for- 
mation of a white precipitate, which does not redissolve even upon 
addition of a large quantity of water, indicates the presence of suii- 

PHÜRIC ACID. 

6. Test for boracio acid as directed § 181, 6 (76). 

7. If none of the acids ennmerated from 1 to 6 are present^ there 95 
is reason to sospect the presence of phosphorio acid, oxalic acid, or 
FLUORINE, or the total absence of acids. To the presence öf oxalio 
acid your attention will have been called alreadj in the oourse of the 
preliminary examination, § 174, 2, e (8). If the acids named had 
been combined with an alkaline earth, or, as regards phosphoric acid, 
with alumina, thej would already have been detected in the conrse 

of the examination for these bases (§ 183) ; they need therefore here 
be tested for, only in case the examination has revealed the presence 
of some other base. To that end, precipitate the base, according to 
drcumstances, either with hydKJSulphuric acid or with sttlphide of 
ammonium, and filter. If yoa have precipitated with sulphide of 
ammonium, add to the filtrate hydrochloric acid to acid reaction, 
expel in either case the hydrosulphuric acid by boiling, and filter if 
necessary. Test a portion of this Solution for phosphoric acid, oxalio 
acid, and fluorine, as directed § 181, 4 (71)* 

Simple Compounds, 

B. SüBSTANCES IKSOLUBLE OR SPARINGLY SOLÜBLE IN WaTEB, BUT 

SOLUBLE IN Acids. 

DETECnON OF THE ACID. 

II. Deteclion of Orgamc Acids. 

§ 185. 

1. FoRMic ACID cannot be present, as all the formates are soluble 96 
in water. 

2. AcETic ACID has been revealed ali'eady in the course of the 
preliminary examination, by the disengagement of acetone. The re- 
action with sulphuric acid and alcohol (§ 170) will afford condusive 
proof. 

3. Boil a portion of the substance for some time with 'Solution of 97 
carbonate of soda in excess, and filter hot. You have now the organic 
acid in Solution in combination with soda. Acidulate the Solution 
slightly with hydrochloric acid, expel the carbonic acid by heat, and 
test as directed § 1S2. 
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Simple Compatmds, 

C. SüBSTANCES IKSOLUBLE OR SPAKINOLT SOLUBLE IN "WaTER, HyDRO- 
CHLOBIC AciD, NiTRIO AciD, AND NlTROHTDROCHLORIC AciD. 

DETEOnON OF THE BASE AND THE ACID. 

§ 186. 

XJnder tliis head we have to consider here, sülphate of baryta, 98 

SULPHATE OF STRONTIA, SÜLPHATE OF LIME, FLUORIDE OF CALCIUM, SILICA, 
SÜLPHATE OF LEAD, COmpOUnds of LEAD with CHLORINE Eud BROMINE, 

Compounds of silver with chlorine, bromine, iodine, and cyanooen, 
and lastljy sulphur and charcoal, as the only bodies belonging to 
this class which are more frequently met with. For the simple 
Silicates I refer to § 203, for the ferro- and ferricyanides, to § 202. 
The preliminary examination will have informed you whether you 
need pay any regard to the possible presence of their Compounds. 

Sülphate of lime and Chloride of lead are not altogether insoluble 
in water, and sülphate of lead may be dissolved in hydrochloric acid. 
However, as these Compounds are so difficultly soluble that complete 
Solution of them is seldom effected, they are included here also among 
the class of insoluble substances, to insure their detection, should 
they have been overlooked in the course of the examination of the 
aqueous or acid Solution of the body to be analyzed. 

1. Free sulphur must have been detected already in the course of 
the preliminary examination. 

. 2. Charcoal is black ; it is insoluble in aqua regia ; put on 
platinum foil, with the blowpipe flame playing upon the under side 
of the foil, it is always consumed ; by deflagration with nitrate of 
potassa it yields carbonate of potassa. 

3. Pour sulphide of ammonium over a very small quantity of the 99 
substance under examination. 

a. It TURNS BLACK ; this indicates the presence of lead or a 
Salt of silver. 

o. The body fuaed in the glasa tvhe rmthout decomposition 
{§ 174, 2 [3]) : Chloride of lead, bromide of lead, chloride of 
sUver, bromide of silver, iodideof silver. Fuse 1 part of the Com- 
pound with 4 parts of carbonate of soda and potassa in a small 
porcelain crucible, let cool, boil the residue with water, and 
test the filtrate for chlorine, bromine, and iodine, as directed, 
§ 181, 5 (73)- Bissolve the residue, which consists either of 
metallic silver or oxide of lead, in nitric acid, and test 
tjie Solution as directed, § 180, 1 (46)» 

ß, The body evolved cyanogen, omd lefl metallic aüver behind : 

CYANIDE OF SILVER. 

y. The body remained unaltered : sülphate of lead. Boil 
a sample of it with Solution of carbonate of soda, filter, acidu- 
late the filtrate with hydrochloric acid, and test with chloride 
of barium for sulphuric acid ; dissolve the washed residue in 
nitric acid, and test the Solution with hydrosulphuric acid 
and with sulphuric acid for lead. 
h. It REMAINS WHITE : absenoß of an oxide of a heavy metaL 100 
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a. The hody fuaed hefore the hlowpipe; this indicates the 
presence of Fluoride of calcium. Beduce a portion of the 
substance to a fine powder, decompose this in a platinum 
crucible with sulphuric acid, and try the reaction on glass 
{§ 147), to prove the presence of fluorinb j boil the residue 
with hydrochloric acid, filter, neutralize the filtrate with 
ammonia, and test for lime with Oxalate of ammonia. 

ß. The hodydid notfuse hefore the hlotopipe. Mix a small 
portion of the very finely pulverized substance with 4 times 
the quantity of pure carbonate of soda and potassa, and fdse 
the mixture in a platinum crucible, or eise on platinum foiL 
Boil the fused mass with water, filter, should a residue be 
lefi, and wash the latter. Acidulate a portion of the filtrate 
with hydrochloric acid, and then test with chloride of barium 
for sulphuric acid ; and in case you do not find that acid, 
test another portion of the filtrate for siucic acid, by eva- 
porating the fluid acidified with hydrochloric acid. 

If the siLicic ACID was present in the pure State, the mass 
resulting from the fusion of the substance with carbonate of 
soda and potassa must have dissolved in water to a clear 
fluid; but if Silicates also happened to be present, the 
bases of them are lefb behind undissolved, and may be further 
examined. 

If, on the other band, sulphuric acid has been found, the 
alkaline earth which was combined with it is found on the 
filter as a carbonate. Wash this, then dissolve it in dilute 
hydrochloric acid, and test the Solution for baryta, STRONnA^ 
and LIMB, as directed § 180, 4 (62)' 

Complex Compotmds* 

A. SUBSTANCES SOLUBLE IN WaTER, AND ALSO SUCH AS ARE INSOLUBLE 

IN "Water, but DISSOLVE IN Htdrochloric Acid, Nitric Acid, 

OR NiTROHYDROCHLORIC ACID. 

JDetection qfthe Baaes.f 

§ 1874 

{Treatment vnlh Hydrochloric Acid : Detection qfSUver, Svhoxide of 

Mercfwry [Lead].) 

The systematic course for the detection of the bases is essentially 101 
the same for bodies soluble in water, as for those which are soluble 
only in acids. Where, in consequence of the different nature of the 
original Solution, deviations are rendered uecessary, the fact will be 
distinctly stated. 

* I use this term liere, and bereafter in the present work, to designate compoands in 
which all the more freqnently occurring bases, acids, metals, and metolloids are supposed 
to be present. 

+ Consult the explanations in the Third Section. Eegard is here had also to the pre- 
sence of the acids of arsenic, and of those salts of the alkaline eartbs which dissolve in 
hydrochloric acid, and separate again from that Solution unaltered, npon neatralization of 
the acid by ammonia. 

t Consult the remarks in the Third Section« 
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L SoLunoN IN Wateb. 

Mix THE POBTION INTENDED FOB THE PETECTION OF THE BASES 
WITH SOME HYDBOCHLORIO ACID. 

1. The SOLUTION had an acid ob neutbal beaction pbeviouslt 102 

TO THE ADDITION OF THE HTDBOCHLOBIC ACID. 

a. No PBECIPITATE IS FOBMED j this indicates the absence of 
silver and suboxide of mercurj. Pass on to § 188. 

h, A PBECIPITATE IS FOBMED. Add more hydrochloric acid 
drop by drop until the precipitate ceases to increase ; then 
add about six or eight drops more of hydrochloric acid^ 
shake the mixture^ and filter. 

The precipitate produced by hydrochloric acid may oonsist 
of Chloride of silver, subchloride of mercury, chloride of lead, 
a baaic salt of antimony, possibly also of benzoic acid. The 
basic Salt of antimony, however, redissolves in the excess of 
hydrochloric acid ; consequently, if the Instructions given have 
been strictly followed, the precipitate collected upon the filter 
can consist only of chloride of silver, subchloride of mercury, 
or chloride of lead — (possibly also of benzoic acid, which, how- 
ever, is altogether disregarded Jiere), 

Wash the precipitate collected upon the filter twice with 
cold water, add the washings to the filtrate, and examine the 
Solution as directed § 188, even though the addition of the 
washings to the acid filtrate should produce turbidity in the 
fluid (which indicates the presence of Compounds of antimony 
or bismuth). 

Treat the washed precipitate on the filter as follows : 103 

a. Pour hot water over it upon the filter, and test the fluid 
ruuning off" with sulphuric acid for lead. The non-forma- 
tion of a precipitate upon the addition of the sulphuric acid 
simply proves that the precipitate produced by hydrochloric 
acid contains no lead, and does not by any means establish 
the total absence of this metal, as hydrochloric acid falls to 
precipitate lead from dilute Solutions. 

ß. Pour over the now thrice- washed precipitate upon the 
filter Solution of ammonia. If this changes its color to black 
or gray, it is a proof of the presence of suboxide of meb- 

CUBY. 

y. Add to the ammoniacal fluid running off in /3 nitric 
acid to strongly acid reaction. The formation of a white, 
curdy precipitate indicates the presence of silveb.* (If the 
precipitate did contain lead, the ammoniacal Solution gene- 
rally appears turbid, owing to the Separation of a basic salt 
of lead. This, however, does not interfere with the testing 
for silver, since the basic salt of lead redissolves upon the 
addition of nitric acid.) 

2. The obiginal aqueoüs Solution had an alkaline be- 
action. 104 

a, The addition of hydbochlobic acid to stbonglt acid 

* If the qnautity of silyer is only yery small, the presence is indicated by opalescence 
of the fluid. 
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BEACnON FAILS TO PBODUCB EVOLUTION OF GAS OB A PBE- 
CIPITATE, OB THE PBECIPITATE WHIOH FOBMS AT FIBST BEDIS- 
SOLYES UPON FUBTHEB ADDITION OF HYDBOCHLOBIO ACHD : 

pass on to § 188. 

b. The addition of htdbochlobio acid to the obiginal 

SOLUTION PRODUCES A PBECIPITATE WHICH DOES NOT BEDIS- 
SOLVE IN AN EXCESS OF THE PBECIPITANT, EVEN UPON BOILING. 

o. Theformation ofthe predpikUe is cUtended rmther with 105 
evohUion of hydrostdphuric acid nor of hydrocycmio acid. 
Filter, and treat the filtrate as direoted § 188. 

aa, The precipitate is white. It may, in that case, 
consist of a salt of lead or silver, insoluble in water and 
hjdrochloric acid (chlobide of lead, sulphate of lead, 
CHLOBiDE OF siLYEB, &c.). Test for the bases and acids 
of these Compounds as directed § 201, bearing in mind 
that the chloride of lead or chloride of silver which maj 
be present may possibly have been formed in the pro- 
cess. 

bh, The pbecipitate is yellow ob orange. In that 
case it may consist of sulphide of absenic (and if the fluid 
from which it has separated was not boiled for a long time, 
or only with very dilute hydrochloric acid, also of sulphide 
of antimony or bisulphide of tin), which substances were 
originally dissolved in Solution of ammonia, borax, phos- 
phate of soda, or some other alkaline fluid, with the ex- 
ception of Solutions of alkaline sulphides and cyanides. 
Examine the precipitate as directed § 190. 
ß, Theformation of tlie precipitate is attended loith emohi- 106 
tion of hydrosvlphuric add gas^ but not of hydrocyanic acid* 

aa, The precipitate is of a pube white *color, and 
CONSISTS of sepabated sulphub. In that case a sul- 
phubetted alkaline sulphide is present. Boil, filter, 
and pass onto § 192, bearingin mind that ofthe substances 
considered in that paragraph the heavy metals cannot be 
present if the original Solution was colorless. 

bb. The precipitate is colobed. In that case you 
may conclude that a metallic sulphub salt is present, 
i. e.y a combination of an alkaline sulphur base with a 
metallic sulphur acid. The precipitate may accordingly 
consist of tebsulphide of gold, bisulphide of pla- 

TINUM, bisulphide of TIN, TEBSULPHIDE OF ABSENIC, Or 

tersulphide OF ANTIMONY. It might, however, consist also 

of SULPHIDE OF MERCUBY Or of SULPHIDE OF COPPEB, Or 

contain these substances, as the former is readily soluble 
in sulphide of potassium, and the latter slightly soluble in 
sulphide of amraonium. Filter, and treat the flltrate as 
in aa, the preciptate as directed § 189. 

y. The formatiorh of tlie precipitate is a/ttended with evolu- 107 
tion of hydrocyanic acid, vnth or v)i^hout mrmUa/neoua dis" 
engagement of hydromlphwric acid, This indicates the pre- ' 

* Should the odor of the evolyed gas leave any doubt regarding the presence or absence 
: hydrocyanic acid, add some Chromate of potassa to a portion of the fluid, preyloosly to 
le addition of the hydrochloric acid» 
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senöe of an alkaline Cyanide, and, if the evolution of the 
hydrocyanic acid is attended with that of hydrosulpliuric 
acid, also of an alkaline sulphide. In tbat case the precipi- 
täte may, besides tbe Compounds enumerated in a (105) ^^^ 
ß (106)» contain many other substances (e. g,, sulphide of 
niekel, Cyanide of nickel, Cyanide of silver, &c.). Boil, with 
further addition of hydrochloric acid, or of nitric acid, until 
the whole of the hydrocyanic acid is expelled, and treat the 
Solution, or, if an undissolved residue has been lefb, the til- 
träte, as directed §188; and the residue (if any) according 
to § 201. 

C, The ADDITION OF HYDROCHLORIC ACID PAILS TO PRO- 108 
DUCE A PERMANENT PRECIPITATE, BÜT CAUSES EVOLUTION OF 
GAS. 

a. The escaping gas ameUa of hyd/romlphwnc acid ; this 
indicates the presence of a simple alkaline sulphide. 
Proceed as in 5, /3, oa (106)- 

/3. The eacaping gas is inodoroua; in that case it is car- 
BONic ACID which was combined with an alkali Pass on to 
§188. 

y. The eacaping gas smeUa of hydrocyanic a^d (no matter 
whether hydrosulphuric acid or carbonic acid is evolved at 
the same time or not). This indicates the presence of an 
alkaline CYANIDE. Boil until the whole of the hydrocyanic 
acid is expelled, and then pass on to § 1 88. 

IL Solution in Hydrochloric Acid or in Nitrohydrochloric 

Acid. 

Proceed as directed § 188. 

IIL Solution in Nitric Acid. 

Dilute a small sample of it with water ; should this produce tur- 109 
bidity or a precipitate (indicative of the presence of bismuth) add 
nitric acid until the fluid is clear again, then hydrochloric acid. 

1. No PRECIPITATE 18 FORMED. Absence of silver and sub- 
oxideof mercury. Treat the principal Solution as directed § 188. 

2. A PRECIPITATE IS FORMED. Treat a larger portion of the 
nitric acid Solution the same way as the sample, filter, and 
examine the precipitate as directed § 187, I. 1, 5 (103)> the 
flltrate as directed § 188. 

§ 188.* 

{Treatment with Hydroevlphuric Äcid, Precipitation of the MetaUic 
Oxides of Group V. 2nd JSection, and of Group VI.) 

Add TO A small portion op the clear acid Solution hydro- 
sulphuric ACID WATER, UNTIL THE ODOR OF HYDROSULPHURIC ACID 
IS DISTINCTLY PERCEPTIBLE AFTER SHAKINQ THE MIXTURE, AND 
WARM GENTLY. 

1. No PRECIPITATE IS FORMED, even aftcr the lapse of some IIQ 
* Consult the remarks in the Third Section. 
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time. Pass on to § 192, for lead, bismuth, cadmium, copper, 
mercury, gold, platinum, antimony, tin, and arsenic,* are not 
presentjt the absence of sesquioxide of iron and of chromic 
acid is also indicated by this negative reaction. 

2. A PRECIPITATE IS PORMED. 

a, The precipitate isofa pure white color, light and finely Hl 
pulvendent, and does not redissolve on addition of hydro- 
cbloric acid. It consists of separated sulpbur, and indicates 
the presence of sesquioxide dp iron. J None of the other 
metals enumerated in § 188, 1 (110)> ca^i be present. Treat 
the principal Solution as direoted § 192. 

b, The precipitate is colored. 

Add to the larger proportion of the acid or acidified solu- 112 
tion, best in a small flask, hydrosulphuric acid water in 
excess, L e., until the fluid smells distinctly of it, and the 
precipitate ceases to increase upon continued addition of the 
reagentj apply a gentle heat, shake vigorously for some 
time, filter, keep the filtrate (which contains the oxides pre- 
sent of Groups I. — IV.) for further examiuation, according 
to the instinictions of § 192, and thoroughly wash the pre- 
cipitate which contains the sulphides of the metals present 
of Groups V. and VI. 

In many cases, and more particularly wheu there is any 
reason to suspect the presence of arsenic, it will be found 
more convenient to transmit hydrosulphuric acid gas 
through the Solution dilüted with water, instead of 
adding hydrosulphuric acid water. 

If the precipitate is yellow, it consists principally of tersul- 113 
phide of arsenic, bisulphide of tin, or sulphide of cadmium ; 
if orange-colored, this indicates tersulphide of antimony \ if 
brown or black, one at least of the following oxides is pre- 
sent : oxide of lead, teroxide of bismuth, oxide of copper, 
oxide of mercury, teroxide of gold, binoxide of platinum, 
protoxide of tin. However, as a yellow precipitate may 
contain small adraixtures of an orange-colored, a brown, or 
even a black precipitate, and yet its color not be very per- 
ceptibly altered thereby, it wül always prove the safest way 
to assume the presence of all the metals named in § 188, 1 
(110)> ^ any precipitate produced by hydrosulphui-ic acid, 
and to proceed accordingly as the next paragraph (§ 189) 
directs. 

* Should tlie preliminary examination Iiave led you to suspect the presence of arsenic 
acid, yoa must endeavor to obtain the most conclusive evidence of the absence of this acid ; 
this may be done by allowing the fluid to stand for some time, or by heating it with sul- 
phurous acid previous to the addition of the hydrosulphuric acid. (Compare § 132.) 

+ In Solutions containing much free acid, the precipitates are frequently formed only 
after dilution with water. 

X Sulphur will precipitate also if sulphurous acid, iodic acid, or bromic acid are pre- 
Beut (which substances are not included in our analytical course), and also if chromic acid, 
chloric acid, or free chlorine are present. In presence of chromic acid, the Separation of 
the sulphur is attended with reduction of the acid to sesquioxide of chromium, in con- 
sequence of which the reddish-yellow color of the Solution chauges to green. (Compare 
§ 138.) The white sulphur suspended in the green Solution looks at flrst like a green pre- 
cipitate, which frequently tends to mislead beginners« 
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§ 189. 

{TrecUmerU of ihe FrecipikUe produeed hy Hydroafidfh/uric Äeidvnth SuU 
phide of Ammonium ; S^fxirabum of the 2nd Section of Chaup Y. 
from Group VI.) 

InTBOPUCE A SHALL PORTION OF THE PBECIPITATE PBOPUCED BT 114 
HYDROSÜLPHUBIC ACID IN THE ACIDIFIED SOLUTION INTO A TEST- i. 
TUBE,* ADD A LITTLE WATEB, AND THBEE OB FOUB DBOFS OP YELLOW- 
ISH 8ULPHIDE OF AMMONIUM, AND EXPOSE THE MIXTUBE FOB A SHOBT 
TIME TO A GENTLE HEAT. t 

1. The PBECIPITATE DISSOLYES COMPLETELY IN SULPHIDE OF US 

AMMONIUM (or SULPHIDE OF SODIUM, as the caso maj be) : absence of 
the metals of Group V. — cadmium, lead, bismuth, copper, mercury. 
Treat the remainder of the precipitate (of which joa have digested 
a portion with sulphide of ammonium) as directed § 190. — If the 
precipitate produeed by hydrosulphuric acid was so trifling that 
you have used the whole of it in treating with sulphide of ammo- 
nium, precipitate the Solution obtained in that process bj addition 
of hydrochloric acid, filter, wash the precipitate, and treat the latter 
as directed § 190. 

2. The pbecipitate is not bedissolved, ob at least not 11^ 
COMPLETELY : presence of the metals of Group V. 

Dilute with 4 or 5 parts of water, filter, and mix the filtfate 
with hydrochloric acid in slight excess. 

a. The fluid aimply tv/ma milky, owing to the Separation 
of mlphur, Absence of the meteJs of Group VI. — gold, 
platinum, tin, antimony, and arsenic.;]; Treat the rest of the 
precipitate of which you have digested a portion with sul- 
phide of ammonium, according to the directlons of § 191. 

h, A colored precipitate is formed : presence of metals of 117 
Group VI. by the side of those of Group V. Treat the 
entire precipitate produeed by hydrosulphuric acid the same 
as you have treated a portion of it, i, e., digest it with yellow 

* If there is a somewliat large precipitate, this may be readilj effected hj means of a 
«mall spatula of platinum or bom ; bat if you bave only a very trifling precipitate, make 
a bole in tbe bottom of tbe filter, insert the perforated point into the mouth of the test- 
tube, rinse tbe precipitate into the latter by means of the washing-bottle, wait nntil the 
precipitate has subsided, and then decant the water. 

f If the Solution contains copper, which is generally reyealed by the color of the fluid, 
and may be ascertained positively by testing with a clean iron rod (see § 119, 10), use 
Solution of sulphide of sodium instead of sulphide of ammonium (in which sulphide of 
copper is not absolutely insoluble, see § 119, 5), and boil the mixture. But if the fluid, 
besides copper, also contains oxide of mercury (the presence of which is generally suffi- 
ciently indicated by the several changes of color exhibited by the precipitate forming 
npon the addition of the hydrosulphuric acid [§ 118, 3], and which, in doubtful cases, 
may be detected with positive certainty by testing a portion of the original Solution 
acidified with hydrochloric acid, with protochloride of tin), sulphide of ammonium 
must be used, although the Separation of the sulphides of the antimony group irom the 
sulphide of copper is not fully efiected in such cases ; since, were sulphide of sodium used, 
the sulphide of mercury would dissovie in this reagent, and this would impede the ulterior 
examination of the sulphides of the antimony group. 

t That this inference becomes uncertain if the precipitate produeed by hydrosnlphurie 
add, instead of being digested with a small quantity of sulphide of ammonium, has been 
treated with a larger quantity of that reagent, is self-evident ; for the large quantity of 
sulphur which separates in that case will, of course, completely couceal any slight traces 
of sulphide of arsenic or bisulphide of tin which may have been thrown down. 
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solphide of ammonimn, or^ as the case maj be, solphide of 
sodium, let it subside, pour the supematant liquid on a 
filter, digest the residue in the tube once more with yellow 
sulphide of ammonium (or stdphide of sodium), and filter. 
Wash the residue* (containing the sulphides of Group Y.), 
and treat it afberwards as directed § 191. Dilute the filtrate 
— ^whioh contains the metals of Group YI. in the form of 
sulphur salta^-with water, add hjdrochloric acid to slightly 
aoid reaction, heat gently, filter the precipitate formed — 
whidi contains the sulphides of the metals of Group YL 
mixed with sulphur — wash thoroughly, and proceed as 
directed next paragraph (§ 190). 

§ 190. 

{Detection qfihe Metals of Group YI. : Arsenic^ Antimony, Tin^ 

Gold, PhMnum,) 

If the precipitate consisting of the sulphides of Group YI. has a 118 
PURE TELLOW COLOB, this indicates principally arsenic and tin ; if it 
is distinctly orange-yellow, antimonj is present ; if it is brown or 
BLACK, this denotes the presence of platinum or gold. 

Beyond these general indications, the color of the precipitate 
affords no safe guidance. It is therefore always advisable to test 
yellow precipitate also for antimony, gold, and platinum, since 
minute quantities of the sulphides of these metals are completely 
hid by a large quantity of bisulphide of tin or tersulphide of arsenic. 
Proceed accordingly as foUows : 

Heat a little of the precipitate on the lid of a porcelain crucible, or 
on a fragment of porcelain or glass.+ 

1. Complete volcUization ensues : probable presence of arsenic, 119 
absence of the other metals of Group YI. Reduction of a 
portion of the precipitate with Cyanide of potassium and car- 
bonate of soda (§ 131, 12) will afford positive proof of the 
presence or absence of arsenic. Whether that metal was pre- 
sent in the form of arsenious acid or in that of arsenic acid, 
may be ascertained by the method described § 133. 

2. A ßxed residue is lefL In that case all the metals of 120 
Group YI. must be sought for. Dry the remainder of the 
precipitate thoroughly upon the filter, triturate it together with 
about 1 part of anhydrous carbonate of soda and 1 part of 
nitrate of soda, and transfer the mixttire in small portions at a 
time to a little porcelain crucible, in which you have previously 

* If the residue suspended in the fltiid containing sulphide of ammoninm, and inso- 
luble therein, subsides readily, it is not transferred to the filter, but washed in the tube 
by decantation. But if its subsidence proceeds slowlyand with difficulty, it isiransferred 
to the filter, and washed there ; a hole is then made in the bottom of the filter, and the 
residue rinsed into a small porcelain basin by means of a washing-bottle ; the application 
of a gentle heat will now materially aid the subsidence of the residue, and the 8ux)er- 
natant water may then be decanted. 

f That this preliminary examination may be omitted if the precipitate is not yellow, 
and that it can give a decisive result only if the sulphur precipitate submitted to the 
test has been thoroughly washed, is self-evident. 
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heated 2 parts of Ditrate of soda to fiision.* As soon as com- 
plete oxidation is effected, pour the mass out on a piece of por- 
celain. 

After cooling, soak the fosed mass (the portion still sticking 
to the inside of the crucible as well as the portion poured out 
on the porcelain) in cold water, filter the insoluble residue— 
which will remain if the mass contained antimony, tin, gold, 
or platinum — and well wash with a mixture of about equal 
parts of water and alcohoL (The alcohol is added to prevent 
the Solution of the antimonate of soda. The washings are not 
added to the filtrate.) The filtrate and the residue are now 
examined as follows : 

a. EXAMIKATION OP THE PILTRATE PCR ARSENIC (which 121 

must be present in it in the form of arsenate of soda). 

Divide the filtrate into twö portions, add highly dilute nitric 
acid cautiously to the one portion to slightly add reaction, and 
apply heatf Add to the acidified Solution some nitrate of 
sÜver (not too little), filter (in case some chloride of silver J or 
nitrite of silver should have separated), pour upon the filtrate, 
along the side of the tube held slanting, a layer of dilute Solu- 
tion of ammonia, — 5 parts of water to 1 part of Solution 
of ammonia — and let the mixture stand for some time with- 
out shaking. The formation of a reddish-brown precipitate, 
which appears hovering cloud-like between the two layers 
(and may be seen far more readily and distinctly by re- 
flected than by transmitted light)^ denobes the presenoe of 

ARSENIC. 

If the arsenic is present in some quantity, and the free nitric 
acid of the Solution is exactly saturated with ammonia, the 
fluid being stirred dming this process, the precipitate of arse- 
nate of silver which forms imparts a brownish-red tint to the 
entire fluid. 

To gain more positive Information respecting the presence of 122 
arsenic, precipitate the second portion of the filtrate with Solu- 
tion of neutral acetate of lead, filter the precipitate (which con- 
sists of sulphate, carbonate, and — if arsenic is really present — 
arsenate of lead), dry between blotting paper, and then expose 
on charcoal to the inner flame of the blowpipe. If arsenic 
is present, a globule of metallic lead containing arsenic will 
be produced, which will long continue to exhale the odor of 

* Should the amonnt of the precipitate be so minnte that this Operation cannot be oon- 
yeniently performed, cut the filter, with the dried precipitate adhering to it, into small 
pieces, triturate these together with some carbonate of soda and nitrate of soda, and pro- 
ject both the powder and the paper into the fusing nitrate of soda. It is preferabUf 
however, in such cases, to procure at once, if practicable, a sufficiently large amonnt df 
the precipitate, as otherwise there will be but little hope of effecting the positire detec- 
tion of all the metals of Ghroup VI. Supposing all the metallic sulphides of the sixth 
gronp to have been present, the fused mass would consist of antimonate and arsenate of 
soda, binozide of tin, metidlic gold and platinum, sulphate, carbonate, nitrate, and some 
nitrite of soda. Compare also § 188, 1. 

f In some cases where a somewhat larger proportion of carbonate of soda had been 
nsed, or a very strong heat applied, a trifling precipitate (hydrated binoxide of tin) may 
separate upon bhe acidification of the filtrate with nitric acid. This may be filtered o^ 
and then treated in the same manner as the undissolved residue. 

X Chloride of silver will separate if the reagents were not perfectly pure, and the pre- 
dpitate has not been thoroughly washed. 
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garlic whenever the inner flame of the blowpipe is made to act 
lipon it. For further confirina^iiön of the presence of arsenic 
this substance may be exhibited in the metallic state. (Compare 
§ 131 and § 132.) Whether the arsenic was present in the 
form of arsenious acid or in that of arsenic acid, may be asoer" 
tained by the method desctibed, § 133, at the end. 

b, EXAMINATION OP THE KE8IDÜB PCR ANTIMONY, TIN, GOLD, 123 

PLATINUM. (As the antimony, if present in the residue, must 
exist as white, pulverulent antimonate of soda, the tin as white, 
flocculent binoxide, the gold and platinum in the metallic state, 
the appearance of the residue is in itself indicative of its nature.) 
Diy the residue on the filter. If there is much of ü, separate 
it from the filter, and fuse it together with about 4 parts of 
Cyanide of potassium, either in a small porcelain crucible or in 
a somewhat wide glass tube sealed at one end. Ifthe qacmtUy 
is smcUl, insert the filter together with the precipitate in a 
platinum wire twisted into a Spiral coil, and incinerate in 
the outer mantle of a small spirit-lamp or gas-flame ; transfer 
the residue together with the filter-ash to a narrow glass tube 
sealed at one end, and fuse it in this together with 4 parts 
of Cyanide of potassium ; insert the ignited part of the tube, 
whilst still red-hot, into a test-tube filled with cold water, 
which will cause the part containing the fused mass to crack 
off in splinters. In either case remove the soluble salts com- 
pletely by repeated warming with water and decantation, pour 
hydrochloric acid over the metallic residue, heat to boiling, and 
test the Solution, which — ^in case of the presence of tin — must 
contain protochloride of tin, with chloride of mercury (§ 128, 
8). Boü the residue once more with hydrochloric acid, decant 
the fluid, then dissolve the residue still remaining in hj^dro- 
chloric acid with addition of the least possible amount of nitric 
acid to effect Solution, mix this with Solution of hydrosulphuric 
acid, and heat to incipient boiling. 

If a precipitate of a distinct orange color forms, antimony is 124 
present. In presence of much tin, the color is usually more or 
less concealed by an adraixture of bisulphide of tin (for it is not 
easy to effect a complete Separation of the two metals by boil- 
ing with hydrochloric acid) ; the precipitate may also contain 
bisulphide of platinum and metallic gold (resulting from the 
reduction by heat of precipitated tersulphide of gold). 

Let the precipitate, therefore, subside, wash it several times 
by decantation, and finally heat it with hydrochloric acid, 
to dissolve the sulphide of antimony present. If the precipitate 
did contain gold or bisulphide of platinum, a black pulverulent 
residue will remain. Test now in the first place the hydro- 
chloric acid Solution for antimony, by means of zinc and pla- 
tinum (§ 130, 8), then dissolve the residue, if any, in some 
nitrohydrochloric acid, and test a portion of the Solution for 
GOLD, with protochloride of tin, another portion for the same 
metal with sulphate of protoxide of iron (§ 125). Evaporate 
the remainder of the Solution with addition of some chloride of 
potassium, and add to the residue a mixture of equal parts of 
alcohol and water. The formatiou of a yellow precipitate 
indicates the presence of platinum« 
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§191. 

(Detection of the MetaUic Oxides ofGrowp V. 2ndSection : — Oxide o/Lead» 
Teroande qf BismiUh. Oxide of Copper, Oxide of Ccuhniv/m, Oxide 
of Mercwry,) 

WaSH THB PRECIPITATE WHICH HAS KOT BEEir DISSOLYED BY 8UIr 125 
PHIDE OF AMMONIUM, AND BOIL WITH NITBIO AOID. This Operation 

is performed best in a small porcelain dish ; the boiling mass must 
be constantly stirred with a glass rod during the process. A great 
excess of acid must be avoidecL 

1. The pbecipitate dissolyes, and there bemains FLOATma in 126 

THE FLUID ONLT THE SEPARATED, LIGHT, FLOCCULENT, TELLOW SUL- 

PHUB ; this indicates the absence of mercuiy. Cadmium, ooppeb, 
LEAD, and BiSMUTH maj be present. 

Filter the fluid from the separated sulphur, and treat the filtrate as 
follows (should there be too much nitric acid present, the greater 
part of this must first be driven off bj evaporation) : add to a portion 
of the filtrate dilute sulphuric acid in moderate quantitj, heat gentlj, 
and let the fluid stand some time. 

a. No PRECIPITATE FORMS ; absenco of lead. Mix the re- 127 
*znainder of the flltrate with ammonia in excess^ and gentlj 
heat. 

a. No precipUate iaformed; absence of bismuth. If the 128 
liquid is blue, copper is present; veiy minute traces of 
copper, however, might be overlooked, if the color of the 
ammoniated fluid alone were consulted. To be quite safe, 
and also to test for cadmium, evaporate the ammoniated Solu- 
tion nearly to dryness, add a little acetio acid^ and, if neces- 
sary, some water, and 

aa. Test a small portion of the fluid for copper with 129 
ferrocyanide of potassium. The formation of a reddish- 
brown precipitate, or a light brownish-red turbidity, indi- 
cates the presence of copper (in the latter case only to a 
Tery trifling amount). 

hb. Mix the remainder of the fluid with Solution of 130 
hydrosulphuric acid in excess. The formation of a yellow 
precipitate denotes cadmium. If, on account of the pre- 
sence of copper, the sulphide of cadmium cannot be dia- 
tinctly recognised, allow the precipitate produced by the 
hydrosulphuric acid to subside, decant the supematant 
fluid, and add to the precipitate Solution of Cyanide of 
potassium until the sulphide of copper is dissolved. If a 
yellow residue is lefb undissolved, cadmium is present ; in 
the contrary case, not. 

ß, Ä precipitate is formed, Bismuth is present. Filter 131 
the fluid, and test the flltrate for copper and cadmium, as 
directed in a (128)* To test the washed precipitate more 
fully for bismuth, slightly dry the Alter containing it between 
blotting-paper, remove the still moist precipitate with a 
platinum spatula^ dissolve in a watch-glass in the least 
possible quantity of hydrochloric acid, and then add a 
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snfficient quantity of water. The appearauce of a milky 
bidity confirms the presence of bismnth. 

b, A PBECiPiTATE IS FORMED. Presence of lead. Treat the 132 
entire fluid the same as you have treated the sample, Alter off 
the precipitate of sulphate of lead, and test the filtrate for 
bismuth, oopper, and cadmium, as directed in a (127)** Test 
the precipitate, after washing, by pouring Solution of hydro- 
sulphurio acid over it 
2. The precipitate of the metallic sulphides does not com- 13^ 
pletely dissolye in the boiling nitric acid, but leayes a 
resmue, besides the light flakes of sulphurthat float in the 
FLUID. Probable presence of oxide of mercury (which may be 
pronounced almost certain, if the precipitate is heavy and black). 
Allow the precipitate to subside, Alter off the fluid, which must still 
be tested for cadmium, copper, lead, and bismuth ; mix a small 
portion of the filtrate with a large amount of Solution of hydro- 
sulphuric acid, and should a precipitate form or a coloration beoome 
visible, treat the remainder according to the directions of § 191, 1 

(126). 

Wash the residue (which, besides sulphide of mercury, may also 
contain sulphate of lead, formed by the action of nitric acid upon 
siüphide of lead, and also binoxide of tin, as the complete Separa- 
tion of bisulphide of tin from many of the sulphides of the metals of 
Group Y. is rather difficult), and examine one half of it for 
mercury,t by dissolving it in some hydrochloric acid, with addition 
of a very small proportion of nitric acid, and testing the Solution 
with copper, or protochloride of tin (§ 118); fuse the other half 
with Cyanide of potassium and carbonate of soda. If you obtain 
metallic grains, wash, heat with nitric acid, and test the Solution 
obtained with sulphuric acid for lead, the residue, which may 
be left, for tin, according to the directions of § 190, 2, b (123). 

§ 192. 

{PredpUation with Sulphide of Ammonium, Separation and Detection of 
the Oxides ofGroups III. andTV. : Älumina, Sesquioodde ofChromium ; 
— Oxide ofZinc, Protoxide ofManganeae, Protoxide of Nickel, Protoxide 
ofCohaltj Proto- and Sesquioodde of Iron ; and also ofthose Salts ofthe 
Alkaline Barths which are precipitated by Ämmoniafrom their Solution 
in Hydrochloric Acid ; Phospluites, Borates, Oxalates, Silicates, and 
Fluorides.) 

PüT A smaU portion of the fluid in which Solution op hydro- 134 

SULPHURIC acid HAS FAILED TO PRODUCE A PRECIPITATE (§ 188, 1, 
[110]), or of the fluid which HAS BEEN FILTERED FROM THE PRECI- 

* For anotber method of distingnisliing cadmium, copper, lead, and bismuth from each 
other, I refer to the Third Section (additions and remarks to § 191) page 274. 

i- If you have an aqueous Solution, or a Solution in very dilute hydrochloric acid, the 
oxide of mercury formed was present in the original substance in that form ; but if the 
uolution has been prepared by boiling with concentrated hydrochloric acid,or by heating 
•with nitric acid, the mercury may most likely have been originally present in the form of 
suboxide, and may have been conrerted into oxide in the process. 
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PITATE FORMED, in a test-tube, observe whether it is colored or not,* 
boil to expel the hjdrosulphuric acid which maj be present, add a 
fow drops of nitrio acid, boil, and observe again the color of tbe fluid ; 
then cautiously add ammonia to alkaline reaction, observe whether 
this produces a precipitate, and then add some sulphide of ammo- 
nium, no matter whether ammonia has produced a precipitate or not. 

a. Neither ammonia nor sulphide of ammonium pro- 135 
DUCES A precipitate. Pa8S on to § 193, for iron, nickel, 
cobalt, zinc, manganese, sesquioxide of chruminm, alumina, are 
not present, nor are phosphates, borate8,t Silicates, and Oxalates 

of the alkaline earths ; nor fluorides of the metals of the alkaline 
earths. 

b. Sulphide of ammonium produces a precipitate, ammo- 136 
NiA HAViNG failed TO DO SO ; abseuce of phosphates, borates,t 
Silicates, and Oxalates of the alkaline earths ; of the fluorides 

of the metals of the alkaline earths ; and also, if no organic 
matters are present, of iron, sesquioxide of chromium, and 
alumina. Pass on to § 192, 1 (138)« 

c. Ammonia produces a precipitate before the addition of 137 
sulphide of ammonium. The course of proceeding to be pur- 
sued now depends upon whether, (a) the original Solution is 
8im]:)ly aqueous, and has a neutral resrction, or (ß) the original 
Solution is acid. In the former case, pass on to § 192, 1 
(138)j ^or phosphates, borates, Oxalates, and Silicates of the 
alkaline earths cannot be present ; nor can fluorides of the 
metals of the alkaline earths. In the latter case, regard must 

be had to the possible presence of all the bodies enumerated in 
§ 192, a (135) ; pass on to § 192, 2 (160). 

1. DeTECTION of the BASES OF GrOUPS III. AND TV. IF PHOS- 138 
PHATES, &C., if the alkaline earths ARE NOT PRESENT. 

Mix the fluid mentioned at the beginning of the paragraph (134) j 
a portion of which you have submitted to a preliminary examina- 
tion with some chloride of ammonium, then with ammonia, just to 
alkaline reaction ; lastly, with sulphide of ammonium, until the 
fluid, after being shaken, smells distinctlj of that reagent ; shake the 
mixture until the precipitate begins to separate in flakes, and Alter. 

Keep the filtrate,J which contains, or may contain, the basis of 
Croups II. and I., for subsequent examination according to the 
directions of § 193. Wash the precipitate with water, to which 
a very little sulphide of ammonia has been added, and then proceed 
with it as follows : — 



* If the fluid is colorless, it contains no chromium. If colored, tbe tint will to some 
extent act as a guide to the nature of the substance present ; thus a green tint, or a 
violet tint tuming green upon boiling, points to the presence of chromium ; a light green 
tint to that of nickel ; a reddish color to that of cobalt ; the tunüng yellow of the fluid 
upun boiling with uitric acid, to that of iron. It must, however, be always bome in mind 
that these tints are perceptible only if the metallic oxides are present in larger quantit;, 
and also that complementary colors, such as, for instance, the green of the nickel solutiun 
and the red of the cobalt Solution will destroy each other, and that, accordingly, a solu* 
tion may contain both metals and yet appear colorless. 

+ Presence of much chloride of ammonium has a great tendency to prevent the precipi* 
tation of borates of the alkaline earths. 

:|: If the filtrate has a brownish color, this points to the presence of nickel, sulphide of 
nickel, as is well known, being slightly soluble in sulphide of ammonium ; this, however, 
JDvoIveß Bo modification of the analytical course. 
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a. It IS PERFECTLY WHITE ; abseüce of iron, cobalt, 139 
nickel. You must test for all the other bases of Groups III. 
and lY., as the faint tints of sesquioxide of chromium and sul- 
phide of manganese are imperceptible in a large quantity 
of a white precipitate. Dissolve the precipitate by heat- 
ing it in a small dish with the least possible amount of hjdro- 
chloric acid ;* boil — shoiild hydrosulphuric acid be evolved — 
nntil this gas is completely expelled, concentrate by evaporation, 
neutralize with carbonate of soda, then add Solution of soda in 
excess, heat to boiling, and keep the mixture for some time 
in a State of ebullition. 

o. The predpüate /ormed atfirst diasolves completely in the 140 
exce88 of soltUion of soda, Absence of manganese and chro- 
mium, presence of alumina or oxide of zinc. Test a portion 
of the alkaline Solution with Solution of hydrosulphuric acid 
for ziNC ; acidify the remainder with hydrochloric acid, add 
ammonia sUghtly in excess, and apply heat. The formation 
of a white^ flocculent precipitate shows the presence of 

ALUlflNA. 

/3. The predpUMe fonned does not dissolve, or dissolves ordy 141 
partially, in the excess of solvJtion of soda, Filter and test 
the FiLTRATB, as in a (140)> for zinc and alumina. With 
the undissolved precipitate proceed as foUows : — 

aa, If the color of the Solution indicates the presence 
of chromium, fuse the precipitate in the oover of a platinum 
crucible, together with carbonate and nitrate of soda; 
treat the fused mass with water, and filter. If the filtrate 
is yellow, and, after being acidified with acetic acid, gives 
with acetate of lead a yellow precipitate, chromium is 
present. 

hh, Test a portion of the precipitate for manganese, by 
means of the reactiön with carbonate of soda in the outer 
blowpipe flame. If chromium has been found in oa, the 
residiie left upon treating the fused mass with water, is 
used for this purpose. 
6. It is not white ; thispoints to the presence of chromium, 142 
manganese, iron, cobalt, or nickel. If it is black, or inclines to 
black, one of the three metals last-mentioned is present. XJnder 
all circumstances, all the oxides of Groups III. and lY. must 
be looked for. 

Bemove the washed precipitate from the filter with a spatula, 
or by rinsing it, with the aid of a washing-bottle, into a test- 
tube, through a hole made in the bottom of the filter, and 
pour over it rather dilute cold hydrochloric acid in moderate 
excess. 

a. It dissolves completely (except perhaps a little sulphur, 143 
which may separate) ; absence of cobalt and nickel, at least 
of notable quantities of these two metals. 

Boil until the hydrosulphuric acid is Qompletely expelled, 
filter if particles of sulphur are suspended in the fluid, con- 
centrate by evaporation, neuti*alize with carbonate of soda, 
then add Solution of potassa or soda in excess, boil, filter the 
fluid from the insoluble precipitate wiiich is sure to remain^ 
I. P 
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wash the latter, and proceed first to examine the filtrate, then 

tbe precipitate. 

aa. Test a portion of the ßUreUe with hydrosulphurio 144 
acid for zinc ; acidify the reraainder with hydrochloric 
acid, and then test it with ammonia for alumika. Com- 
pare § 192, 1, a, a (140). ... 

bb, Dissolvo a portion of the precipUcUe in hydrochloric 
acid, and test the Solution with sulphocyanide of pota«- 
sium for ibon. Test other portions for chromium and 
manganese, aocording to the directions of § 192, 1, a, 

ß am 

N. B. — If it is intented to niake a very accurate 146 
analysis, you have still to subject the remainder of 
the precipitate mentioned in bb (145) to forther exa- 
mination, since it may contain magnesia (thrown down 
with the alumina) ; or some other alkaline earths, which 
may have been carried down along with the sesqui- 
oxide of chromium, owing to presence of carbonate 
of ammonium in the ammonia or sulphide of ammo- 
nium ; and lastly, also traces of cobalt, nicke! , and zinc. 
Dissolve it, accordingly, in hydrochloric acid, and test 
the Solution for the bodies enumerated, according to the 
directions of § 192, 2, 6, a and ß (155 ai^d 156), omit- 
ting, however, the addition of sesquioxide of iron, recom- 
mended in 156* 

ß. The predpitcUe is not compUtely dissolvedy a block re- 147 
sidue being left; this indicates the presence of cobalt and 
nickeL Filter, wash the undissolved precipitate, and test 
the fil träte as direoted § 192, 1, 6, a (143) i proceed with the 
residuary precipitate as foUows : — 

aa. Test a portion of it with borax, first in the outer, 148 
then in the inner blowpipe-flame. If the bead in the oxidizing 
fiame is violet whilst hot, and of a pale reddish-bro wn when 
cold, and tums in the reducing flame gray and turbid, 
nickel is present ; but if the color of the' bead is and re- 
mains blue, in both flames, and whether hot or cold, 
cobalt is present. As in the latter case the presence of 
nickel cannot be distinctly recognised ; examine 

bb^ The remainder of the precipitate by incinerating it 149 
together with the filter in a coil of platinum wire, heating 
the ash with some hydrochloric acid, filtering the Solution, 
then evaporating nearly to diyness, and adding nitiite of 
potassa, and then acetio acid (§ 108, 10). The formation 
of a yellow precipitate confirms the presence of cobalt. 
Let the fluid, with the precipitate in it, stand for some time 
at a gentle heat, then filter, and test the filtrate with Solu- 
tion of Boda for nickel. 
2, Detection of the bases op groups IIL and IY. m cases 150 

WHERE PHOSPHATES, BOOTES, OXALATES, OR SILICATES OP THE AL- 
KALINE EARTHS, OR FLUORIDES OP THE METALS OF THE ALKALINE 
EARTHS, MAY POSSIBLY HAVE BEEN THROWN DOWN ALONG WITH 

THESE BASES^ i,e,j in cases where the original Solution was acid, and 
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precipitate was produced by ammonia in the preliminary exami- 
Ätion. See (134). 

Mix the fluid mentioned in the beginning of this paragraph (134) 
ith some chloride of ammonium, then with ammonia just to alkaline 
iaction, lastly with sulphide of ammonlum, until the fluid, after being 
laken, smells distinctly of this reagent ; shake the mixture until 
le precipitate begins to separate in flakes, and Alter. Keep the fil- 
iATE, which contains, or may contain, the bases of Groups IL and I., 
>r subsequent examination according to the directions of § 193. 
Tash the precipitate with water to which a very little sulphide of 
nmonium has been added, and then proceed with it as follows. 
give a clear notion of the obstacle to be overcome in this 
lalytical process I must remind you that it is necessary to ex- 
nine the precipitate for the following bodies : Iron, uickel, cobalt 
hese show their presence to a certain extent by the black or blackish 
»loration of the precipitate), manganese, zinc, sesquioxide of chro- 
iom (the latter generally rev^eals its presence by the color of the 
lution), alimiina ; — ^baryta, strontia, lime, magnesia, which latter 
ibstances may have fallen down in combination with phosphorio 
;id, boracic acid, oxalic aoid, silicic acid, or in form of fluorides. 
esides these bodies, free silicic acid may also be contained in the 
recipitate as hydrate. 

As the original substance must, under all circumstances, be 151 
terwards examined for all aoids that might possibly be present, it 
not indispensable to test for the above enumerated adds at this 
age of the analytical process ; still, as it is often interesting to 
low the presence of these acids at once, more especially in cases 
here a somewhat large proportion of some alkaline earth has been 
und in the precipitate produced by sulphide of ammonium, a 
ethod for the detection of the acids in question will be found 
»pended by way of Supplement to the method for the detection 
' the bases. 

Remove the precipitate from the filter with a small spatula, or 152 
r rinsing it off" with the washing-bottle, and pour over it cold dilute 
rdrochloric acid in moderate excess. 

a. A RESiDUE REMAINS. Filter, and treat the filtrate as 153 
directed in b (154). The residue, if it is black, may contain 
sulphide of nickel, and sulphide of cobalt> and besides these, 
sulphur and silicic acid. Wash, and examine a sample of it in 
conjunction with phosphate of soda and ammonia before the 
blowpipe, in the outer flame. If a silica skeleton remains un- 
dissolved, (§ 150, 8), this proves the presence of silicic acid. 

If the color of the bead is blue, cobalt is present ; if reddish, 
tuming yellow on cooling, nickeIi. Should the color leave you 
in doubt, incinerate the filter containing the remainder of the 
residue, and test for cobalt and nickel by means of nitrite of 
potassa, as directed § 192, 1, 6, /3, bb (149)« 

b, No RESIDUE IS LEFT (except perhaps a little sulphur, 154 
which may separate) : absence of nickel and cobalt^ at least 

in any notable proportion. 

Boü the Solution until the sulphuretted hydrogen is expelled, 
and then proceed as follows : 

p2 



i 
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a. Mix a small portion of the Solution with dilute sol- 155 
phuric acid. If a precipitate forma, this maj consist of 
sulphates of babtta and 8TRONTiA,po68ib]y also of snlphate of 
lime. Filter, wash the precipitate, decompose it bj boiling 
or fusion with carbonated alkali, wash the carbonates pro- 
dnced, dissolve them in hydrochloric acid, and test the Solu- 
tion as directed § 193. Mix the fluid which has not been 
precipitated by dilute sulpburic acid, or the fluid flltered 
from the precipitate produced, with 3 volumes of spirit of 
wine. If a precipitate forms, this consists of sulphate of 
LiME. Filter, dissolve in water, and add Oxalate of ammonia 
to the Solution, as a confirmatory proof of the presence of 
lime. 

ß, Heat a somewhat larger sample with some nitric acid, 156 
and test a small portion of the fluid with sulphocyanide of 
potassium for iron;* mix the remainder with sesqui- 
chloride of iron in sufficieut quantity to make a drop of the 
fluid give a yellowish precipitatet when mixed, on a watch- 
glass. with a drop of ammonia ; concentrate the fluid nowuntil - 
there is only a small quantity left ; add to this some water, 
then a fewdrops of Solution of carbonate of soda, just sufficient 
to nea/rly neutralize the free acid, and lastly carbonate of 
baryta in slight excess; stir the mixture, and let it stand 
in the cold imtil the fluid above the precipitate has become 
colorless. Filter now the precipitate (aa) from the Solu- 
tion {bb)f and wash. 

aa, Boil the precipitate for some time with Solution of 157 
soda, Alter, and test the filtrate for alumika,:^ by heating 
with Chloride of ammonium in excess. The part of the 
precipitate insoluble in Solution of soda is examined for 
CHROMiUM, as directed in § 192, 1, a, /?, aa (141)* 

hb. Mix the Solution with some ammonia and sulphide 
of ammonium. 

aa. No precipitate forms : absence of manganese and 158 
zinc. Mix the Solution containing chloride of barium 
with dilute sulphuric acid in slight excess, boil, Alter, 
supersaturate with ammonia, and mix with Oxalate of 
ammonia. If a precipitate of Oxalate of lime forms, 
Alter, and test the Altrate with phosphate of soda for 

MAGNESIA. 

ßß, A precipitate forms, Filter, and proceed with 159 
the Altrate according to the directions of aa (158)* 

* Whether the iron was present as sesquioxide or as protozide, mnst be ascertained by 
testing the original Solution in hydrochloric add with ferricyanide of potassiiim and sul- 
phocyanide of potassium. 

f The addition of sesquichloride of iron is necessary, to effect the Separation of phos- 
phoric acid and silicic acid which may be present. 

X If the Solution contains silicic acid, the precipitate taken for alumina may contain also 
silicic acid. A simple trial with phosphate of soda and ammonia. on a platinnm wire, 
in the blowpipe flame, will show whether the precipitate really contains silicic acid. 
Should this be the case, ignite the remainder of the sapposed alumina precipitate 
on the Cover of a platinum crucible, add some acid sulphate of potassa, fuse the 
mixture, and treat the fused mass with water, which will dissolve the alumina, learing 
the silicic acid undissolved ; precipitate the aluinina from the Solution by ammonia. 
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The precipitate mäjr consist bf sulphide of manganese 
and sulphide of zinc, and may contain traces also of 
sulphide of cobalt and sulphide of nickel. Wash it 
with water containing some sulphide of ammonium^ and 
then treat it with acetic acid, which will dissolve the 
sulphide of manoanese, if any is present, leaving the 
other sulphides undissolved. Filter, boil the filtrate 
with Solution of soda, and test the precipitate, which 
may form, with carbonate of soda in the outer blow- 
pipe flame for manganese. Eree the residuary part of 
the precipitate, which acetic acid has failed to dissolve, 
by washing, from the acetic acid Solution still adhering 
to it, and then treat it with dilute hydrochloric acid, 
which will dissolve the ziriCy if any is present. Filter, 
add some nitric acid to the filtrate, and concentrate 
the mixture considerably by boiling ; then add to it 
Solution of soda in excess, boil, filter, if necessary, 
and test the filtrate with sulphide of ammonium for 
zinO. Shöuld a precipitate insoluble in Solution of 
soda remain in the last Operation, or should the dilute 
hydrochloric acid have left a black residue, test this 
precipitate and residue for cobalt aud nickel, if you 
have not already previously detected the presence of 
these bodies ; compare § 192, 1, 6, /3 (148 and 149)» 
y. If you have found alkaline earths in a and ß, and 160 
wish to know the acids in combination with which they have 
passed into the precipitate produced by sulphide of ammo- 
nium, this may be ascertained by making the following expe- 
riments with the remainder of the hydrochloric acid Solu- 
tion : — 

aa, Test a small portion of it for phosphoric acid, by 161 
means of molybdic acid (§ 143, 11). 

bb. Mix another portion with carbonate of soda in 
excess, boil for some time, filter, and test one-half of the 
filtrate for oxalic acid, by acidifying it with acetic acid, 
and adding Solution of sulphate of lime ; the other half 
for BORAGic acid, by slightly acidifying it with hydro- 
chloric acid, and testing with turmeric paper (§ 145 and 
§ 146). 

cc. Evaporate a third portion in a small dish or in a 162 
watch-glass, dry the residue thoroughly, and then treat 
with hydrochlonc acid. If there was any silicic acid in 
the Solution, this will be left undissolved. 

dd, Precipitate the remainder with ammonia, filter, 
wash and dry the precipitate, and examine it for fluorine 
according to § 147, ö. 

§ 193. 

(Separation and Detection ofihe Oocides of Group 11,, which are pre- 
cipitated by Carbonate of Ammonia in Fresence of Chloride of 
Ammonium, viz., Ba/ryta, Strontia, Lime). 

To A small portiok of the fluid in which ammonia and 
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8ULPHIDE OF AKMOKIUK HAYB FAILED TD PBODÜCE A PBECIPITATE, 
OB OF THE ^UJTD FILTEBED FROM THE PBECIPITATE FOBMED, ADD 
CHLOBIDE OF AMMONIUM, IF THE SOLUTION CONTAINS NO AMMO- 
NIACAL SAI/r, THEN CAHBONATE OF AMMONIA AND SOME CAUSTIC 
AMMONIA, AND HEAT FOB SOME TIME YEBY GENTLY (not to 

boiling). 

1. No FBECXPnäTE FOBMs: absence of anj notaUe qoantitj of 163 
baryta, stroatia, and lime. Traces of these alkaline earths may, 
bowever, be present; to detect them, add to another portion of tbe 
fluid some sulphate of ammonia (prepared by supersaturating 
dilute sulphurio acid with ammonia) : if the fluid becomes turbid, it 
contains traces of babyta ; add to a third portion some Oxalate of 
ammonia ; if the fluid tums turbid — which reaction may perhaps 
require some time to manifest itself — traces of lime are present. 
Treat the remainder of the fluid as directed § 194, after having 
previously removed the traces of lime and baryta which may have 
been found, by means of the reagents that have served to eflect 
their detection. 

2. A PBECIPITATE IS FOBMED. Presenco of LIME, babyta, or 164 
STBONTiA. Filter, test portions of the filtrate with sulphate and 
Oxalate of ammonia, for traces of lime and baryta, which it may pos- 
sibly still contain, remove such traces, should they be found, by 
means of the said reagents, and examine the fluid, thus perfectly 
freed from baryta, strontia, and lime, for magnesia according to 
the directions of § 194. Wash the precipitate produced by car- 
bonate of ammonia, dissolve it in the least possible amount of 
dilute hydrochloric acid, and add to a small portion of the fluid 
some soliUion ofsulpluite o/lime (not too little). 

a, No precipitate is /omied, not even afteb the lapse . of 
SOME TIME. Absence of baryta and strontia; presence of 
lime. To remove all doubt, mix another sample with Oxalate 
of ammonia. 

h, A predpüate ia/ormed by sohUian qf sulphate oflime, 

a. It is for med iminediatdy ; this indicates babyta. Be- 165 
sides this, strontia and lime may also be present. 

Evaporate the remainder of the hydrochloric acid Solu- 
tion of the precipitate produced by carbonate of ammonia to 
dryness, digest the residue with strong alcohol, decant the 
fluid from the undissol ved chloride of barium, dilute with an 
equal volume of water, mix with a few drops of hydrofluo- 
silicic acid — which throws down the small portion of baryta 
that had dissolved in form of chloride of barium — allow the 
mixture to stand for some time; Alter, evaporate the 
alcoholic Solution to dryness, dissolve the residue in water, 
and test a portion of the fluid with a dilute Solution of 
sulphate of potassa (§ 96, 3). If a precipitate forms imme- 
diately, or in the course of half an hour, the presence of 
STBONTIA is demonstrated. In that case, let the fluid with 
the precipitate in it stand at rest for some time, then filter, 
and add ammonia and Oxalate of ammonia to the flltrate. 
The formation of a white precipitate indicates lime. If 
sulphate of potassa has failed to produce a precipitate, the 
remainder of the Solution of the residue left upon evapora- 
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tion of the alcobolio fluid is tested at once with ammonia 
and Oxalate of ammonia for lime. 

ß. It iaformed ordy öfter aofitie time. Absence of baryta, 166 
presenoe of stbontia. Mix the remainder of the hydro- 
ohlorio acid Solution Tfith sulphate of potassa, let the mix- 
ture stand for some time, then Alter, and test ^e flltrate with 
ammonia and Oxalate of ammonia for ume. 

§ 194. 
(Eosamination for Magnesia,) 

TO A PORTION OP THE FLUID IN WHICH CARBONATE, SULPHATE, AND 
OXALATE OF AMMONIA HAVE FAILED TO PBODUCE A PKEOIPITATE (§ 193, 
1 [163] ), OB OF THE FLUID FILTEBED FBOM THE PRECIPITATES FOBMM) 
(§ 193, 2 p.64]), ADD AMMONIA, THEN SOME PHOSPHATE OP SODA^ 
AND, SHOULD A PBECIPITATE NOT AT ONCE FOBM, BUB THE INNER 
SIDES OF THE VESSEL WITH A GLASS BOD, AND THEN LET THE 
MIXTÜRE STAND FOB SOME TIME. 

1. No PBECIPITATE IS FORMED ! absence of magnesia. Evapo- 167 
rate another portion of the fluid to dryness,* and ignite gently. 1/ 

a residue remains, treat the remainder of the fluid the same 
as the sample, and examine the residue, which by the modei*ate 
ignition to which it has been subjeeted has been freed from ammonia, 
for potassa and soda, according to the directions of § 195. — If no 
residue is lefl, this is a proof of the absence of the flxed alkalies ; 
pass on to § 196. 

2. A PBECIPITATE IS FORMED : presence of magnesia. As testing 168 
for alkalies can proceed with certainty only after the removal of 
magnesia, evaporate the remainder of the fluid to dryness, and 
ignite until all ammoniacal salts are removed. Warm the residue 
with water, add baryta-water, prepared from the crystals, as long 

as a precipitate oontinues to form, boil, filter, add to the fll- 
trate a mixture of carbonate of ammonia with some caustio 
ammonia in slight excess, heat for some time gently, fllter, evapo- 
rate the flltrate to dryness, adding some chloride of ammonium dur- 
ing the process (to convert into chlorides the caustic alkalies that 
may have formed), ignite the residue gently, then dissolve it in 
a little water, precipitate, if necessary, once more, with ammonia 
and carbonate of ammonia, evaporate again, and if a residue 
remains, ignite this gently, and flnally examine it according to the 
directions of § 195. 

§ 195. 
{Examination for Potassa and Soda,) 

YOU HAVE NOW TO EXAMINE FOR POTASSA AND SODA THE GENTLY 
IGNITED RESIDUE, FREE FROM SALTS OF AMMONIA AND ALKALINE 
EARTHS, WHICH HAS BEEN OBTAINED IN § 194, 1 (167)> O^ ^ 

§ 194, 2 (168). 

Dissolve it in a little water, fllter, if necessary, evaporate untü 

* The most convenient way is ta conduct the evaporation in the Cover of a platimiia 
cmcible. 
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there is only a small quantity of fluid left, and transfer one half of 
tbis to a watch-glass, leaving the other half Id the porcelain dish. 

1. To the one-half in the porcelain dish add, after cooling, a few 169 
drops of Solution of bichloride of platinum, If a yellow, crystal- 
line precipitate forms immediately, or after some time, potassa is 
present. Should no precipitate form, evaporate to dryness at a 
gentle heat, and treat the residue with a very small quantity of 
water or, if Chlorides alone are present, with a mixture of water and 
alcohol, when the presence of minute traces of potassa will be 
revealed by a small quantity of a heavy yellow powder being left 
undissolved. 

2. To the other half of the fluid (in the watch-glass) add some 170 
arUimonate qf potassa, If this produces at once or afber some time 

a crystalline precipitate, soda is present If the quantity of 
soda present ia only very trifling, it often takes twelve hours 
before minute crystals of antinK)nate of soda will separate ; 
you must therefore always wait füll that time for the possible 
manifestation of the reaction, before deciding, from its non-appear- 
ance, that no soda is present As regards the form of the crystals, 
consult § 91. 

§ 196. 

{Examination for Ammonia») 

There remains still the examination for ammonia. Triturate 171 
some of the body under examination, or, if a fluid, a portion of 
the latter, together with an exoess of hydrate of lime, and, if 
necessary, a little water. If the escaping gas smells of ammonia, if 
it restores the blue color of reddened litmus paper, and forms white 
fiimes with hydrochloric acid vapors, brought into contact with 
it by means of a glass i*od, ammonia is present. The reaction is the 
most sensitive, if the trituration is made in a small btaker, and the 
latter covered with a glass plate with a slip of moistened turmeric 
or moist reddened litmus paper adhering to the under side. 

Complex Compoti/nds. 

A, 1. SüBSTANCES SOLUBLE IN WaTER, 
DETECTION OP ACIDS.* 

I. In the Ahsence ofOrgcmic Acids, 

§ 197. 

Consider, in the first place, which are the acids that form with 
the bases found Compounds soluble in water, and let this guido 
you in the examination. To students the table given in Ap- 
pendix IV. will prove of considerable assistance. 

1. The ACIDS of ARSENic, as well as carbonic acid, hydrosul- 172 
PHüRic acid, chromic ACID, and silicic acid, have generally been 
detected already in the course of testing for the bases ; compare 
also § 181, 1 and 2. 

* Consult also Section III. 
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2. Add to a portion of the Solution chloride of barium or, if 
lead, silver, or suboxide of meroury are present, nitrate of bary ta, 
and, should the reaction of tbe fluid be acid, add ammouia to 
neutnd or slightly alkaline reaction. 

a. No PRECIPITATE IS FORMED : absence of sulpburic acid, 173 
phosphoric acid, chromic acid, silicic acid, oxalic acid, arsenious 
and arsenio acids, as well as of notable quantities of boracio 
acid and hydrofluoric acid.* Pass on to 3 (175)« 

b, A PRECIPITATE IS FORMED. Düute the fluid, and add 174 
liydrochloric acid ; if the precipitate does not redissolve, or at 
least not completely, sulphuric acid is present. 

3. Add nitrate of silver to a portion of the Solution. If this falls 175 
to produce a precipitate, test the reaction, and add to the fluid, if 

it is acid, some dilute ammonia, taking care to add the reagent 
so gently and cautiously that the two fluids do not intermix ; if the 
reaction is alkaline, on the other band, add with the same care 
some dilute nitric acid, instead of ammoiiia, and watch attentively, 
"whether a precipitate or a cloud forms in the layer between the 
two fluids. 

a, No precipitate is pormed in the layer between the 176 

TWO FLUIDS, NEITHER IMMEDIATELY NOR AFTER SOME TIME. 

Pass on to 4 (181) > there is neither chlorine, bromine, iodine, 
cyanogen,t ferro- and ferricyanogen present, nor sulphur ; nor 
phosphoric acid, arsenic acid, arsenious acid, chromic acid, 
silicic acid, oxalic acid ; nor boracic acid, if the Solution was 
not too dilute. 

b. A PRECIPITATE IS FORMED. Observc the colorf of it, 177 
then add nitric acid, and shake the mixture. 

a. The precipitate redissolves completely : absence of 
chlorine, bromine, iodine, cyanogen, ferro- and ferricyanogen, 
and also of sulphur. Pass on to 4 (181)« 

ß, A residue is left : chlorine, bromine, iodine, cyanogen, 178 
ferro- or ferricyanogen may be present ; and if the residue 
is black or blackish, hydrosulphuric acid or a soluble 
METALLic SULPHIDE. — The prcscnce of sulphur may, if 
necessary, be readily established beyond doubt, by mixing 
another portion of the Solution with some Solution of sul- 
phate of copper. 

aa, Test another portion of the fluid for iodine, and 

subsequently for bromine, by the methods described in 

§ 157. 

bb, Test a small portion of the fluid with sesqui- 179 

chloride of iron for ferrocyanogen ; and, if the color of 

the silver precipitate leads you to suspect the presence of 

* If the solntion contains an ammoniacal salt in somewbat considerable proportion, the 
non-formation of a precipitate cannot be considered a conclusive proof of the absence of 
these acids, since the baryta salts of most of them (not the sulphate), are, in presence of 
ammoniacal salts, more or less soluble in water. 

+ That the cyanogen in Cyanide of mercury is not indicated by nitrate of silver has 
been mentioned } 181, 5 (73). 

t Chloride, bromide, Cyanide, and ferrocyanide of silver, and Oxalate, Silicate, and 
berate of silver are white ; iodide of silver, tribasic phosphate, and arsenite of silver 
are yellow ; arsenate of s'lver and ferricyanide of silver are brownish-red ; Chromate of 
silver is purple-red j sulphide of silver black. 
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febbicyaitookn; test another poition fiir this latter 
sabstanoe with solphate of iroiL — ^If the origiiial Solu- 
tion bas an alkaline reaction, some hjdrod^oric aeid 
must be added before the addition of the sesqmchloride 
of iron, or the sulphate of iron. 

cc CxANoaiar, if present in form of a simple metallio 
Cyanide soluble in water^ maj nsually be readily re- 
cognised by the smell of hydrocyanic acid which the body 
nnder examination emits, and which is rendered more 
strongly perceptible by addition of a little dilute solphuric 
acid. — If no ferroc3raDogen is present, the presence of 
cyanogen may be asoertained by the method giren in ' 
§ 155, 6. 

dd. Should bromine, iodine, cyanogen, ferrocyanogen, 180 
ferricyanogen, and sulphur not be present, the preci- 
pitate which nitric acid has failed to dissolye, consists of 
CHLORIDE (^ silver. 

However, should the analytical process have revealed 
the presence of any of the other bodies, a special 
examination fbr chlorine may become necessary, yiz., 
in cases where the qucmtity of the precipitate will not 
enable the Operator to pronounce with positive certainty 
on the presence or absence of the latter dement.* Jn 
such cases, which are of rare occurrence, however, the 
method given in § 157 is resorted to. 

4. Test another portion for nitric acid, by means of sulphate of 181 
iron and sulphuric acid (§ 159). 

5. To ascertain whether chloric Acn> is present, pour a little con« 
centrated sulphuric acid over a small sample of the solid body under 
examination : ensuing yellow colomtion of the acid resolves the 
question in the affirmative (§ 160). You have still to test for 
phosphoric acid, boracic acid, silicic acid, oxalic acid, and chromic 
acid, as well as for hydrofluoric acid. For the first five adds 
test only in cases where both chloride of barium and nitrate of 
silver have produced precipitates in neutral Solutions. Compare 
also foot noteto § 197, 2, a. 

6. Test for phosphoric acid, by adding to a portion of the fluid 182 
ammonia in excess, then chloride of ammonium and sulphate 

of magnesia (§ 143, 7). Yery minute quantities of phosphoric 
acid are detected most readily by means of molybdio add (§ 143, 

7. To eflect the detection of oxalic acid and hydrofluoric 
acid, add chloride of calcium to a portion of the Solution. If this 
produces a precipitate which is not redissolved by addition of 
acetic acid, one or both bodies are present. Examine therefore now 
a sample of the original substance for fluorine, according to the 
directions of § 147, 5, another sample for oxalic acid, by the method 
given in § 146, 7. 

8. Acidulate a portion of the fluid slightly with hydrochloric 183 

* Snpposing, for instance, the Solution of nitrate of silver to have prodnced a oopioui 
precipitate insolnble in nitric acid, and the snbseqnent examination to haye shown mere 
traces of iodine and bromine, the presence of chlorine may be held to be demonstrated 
ivithoat requiring additional proof. 
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acid, and then test for bobacio acid. by means of turmeric paper 
(§ 145). 

9. Should siLicic ACID not jet have been found in the course^ 
of testing for the bases, acidulate a portion of the fluid with hydro- 
chloric acid, evaporate to drjrness, and treat the residue with hjdro- 
chloric acid (§ löO, 3). 

10. Chromio acid is readily recognised by the yellow or red 
color of the Solution, and by the purple-red color of the precipi- 
tate produoed by nitrate of silver. — If there remains the least 
doubt on the point, test for chromic acid with acetate of lead and 
acetic acid (§ 138). 

Camplex Compowads, 

A, 1. SUBSTANCES SOLUBLE IN WaTEIL 
DETEOTION OF ACIDS. « 

IL In Fresence of Organio Äcids, 
§ 198. 

1. The exainination for inorganic aoids, inclusive of oxalic acid/184 
is made in the manner described in § 197. As the tartrates 
and citrates of baryta and oxide of silver are insoluble in water, 
tartaric acid and citrio acid can be present only in eases where both 
Chloride of barium and nitrate of silver have produced precipitates 

in the neutral fluid j still, in drawing a conclusion, you must bear 
in mind that the said salts are slightly soluble in Solutions of 
salts of ammonia. 

The examination for the organio acids is conducted as follows : — 

2. Make a portion of the fluid feebly alkaline by addition of am- 185 
monia, Alter, if necessary, add some chloride of ammonium, then 
Chloride of calcium, shake vigorously, and let the mixture stand at 
rest from ten to twenty minutes. 

a. No PRECIPITATB IS FORMED, NOT EVEN AFTER THE LAPSB 

OF SOME TIME. Absence of tartaric acid ; pass on to 3. 

L A PRECIPITATE IS FORMED IMMEDIATELT, OR AFTER SOME 186 

TIME. Filter, wash, and keep the filtrate for further examina- 
tion acoording to the directions of 3. 

Digest and shake the precipitate with Solution of soda, 
without applying heat, then dilute with a little water, filter, and 
boil the flltrate some time. If a precipitate separates, tartaric 
ACID may be assumed to be present. Filter hot, and subject 
the precipitate to the ammonia and nitrate of silver test 
described in § 162, 8. . 

3. Mix the fluid in which chloride of calcium has failed to pro- 
duce a precipitate, or that which has been filtered from the precipi- 
tate — in which latter case some more chloride of calcium is to be 
added — ^with alcohoL 

a, No PRECIPITATE 18 FORMED. Absouce of citric acid and 187 
malic acid. Pass on to 4. 

b. A PRECIPITATE IS FORMED. Filter and treat the filtrate 188 
as directed in 4. As regards the precipitate, treat this as 
follows :— 
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After washing with some alcobol, diasolre on the filter in 
a little dilute hydrochloric acid, add amroonia to the filtrate to 
feeblj alkaline reaction, and then boil for some time. 

a. The filtrate bemadts clbab. Abaenoe of citric acid. 
Probable presenoe of mauc acid. Add alcobol again to the 
fluid, and test tbe lime predpitate in the manner directed 
§ 165, to make sure whether malic acid is reallj present 
or not. 

ß. A HEAVY, WHITE PBBCIPITATE 18 PORMED. Presence 189 

of ciTBic ACID. Filter boiling, and test the filtrate for 
malic acid in the same manner as in cu To remove all 
doubt as to whether the precipitate is citrate of lime 
or not, it is advisable to diiraolve once more in some hy- 
drochloric acid, to snpersatnrate again with ammonia, 
and to boil ; if the precipitate really cousisted of citrate of 
lime, it will i^w be thrown down again. (Compare § 
164, 3.) 
4. Heat the filtrate of 3, b (188) (or the fluid in which addition 190 
of alcohol has failed to produce a precipitate, 3, a [187])» to expel 
the alcohol, neutralize eocactly with hydrochloric acid, and add ses- 
<|uichloride of iron. If this £uls to produce a light brown, floocu- 
lent precipitate, neither succinic nor benzoic acid is present. If a 
precipitate of the kind is formed, filter, digest, and heat the washed 
precipitate with ammonia in excess ; filter, evaporate the filtrate 
nearly to dryness, and test a portion for süccinic acid with chloride 
of barium and alcohol ; the remainder for benzoic acid with hydro- 
chloric acid (§ 1 69). Benzoic acid may generally be readily detected 
also in the original substance, by pouring some dilute hydrochloric 
acid over a small portion of the latter, which vrill leave the benzoic 
acid undissolved ; it is then filtered and heated on platinum foil 
(§168,1). 

ß. Evaporate a portion of the Solution to dryness — ^if acid, after 191 
previous Saturation with soda — ^introduce the residue, or a portion 
of the original dry substance into a small tube, pour some alcohol 
over it, add about an equal volume of concentrated sulphuric acid, 
and heat to boiling. Evolution of the odor of acetic ether de- 
monsbrates the presence of acetic acid. This odor is rendered 
more distinctly perceptible by shaking the cooling or cold mixture. 

6. To eflect the detection of formic acid, add to a portion of 192 
the Solution nitrate of silver in not too smaU a pi*oportion, then 
soda until the fluid is exacüy neutralized, and boil. If formic acid 
is present, reduction of the silver to the metallic state ensues (§171, 
4). The reactioQ with nitrate of suboxide of mercury may be had 
recourse to as a conclusive test (§ 171, 4).* 

* In presence of chromic acid the rednction of oxide of silver and of snboxide of mercoiy 
is not a positive proof of the presence of formic acid. In cases where the two acids are 
present, the foUowing method must be resorted to : — Mix the original Solution with some 
nitric acid, add oxide of lead in excess, shake the mixture, filter, add to the filtrate dilute 
sulphuric acid in excess, and distil. Test the distillate as directed § 172. In presence 
of tartaric acid also it is the safest way to distil the formic acid first, with addition of 
dilute sulphuric acid. 
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Complex Compounds, 

A, 2, SUBSTANCES INSOLUBLE IN WaTER, BUT SOLUBLE IN HyDRO- 
CHLORIC ACID, NiTRIC ACID, OR NlTROHYDROCHLORIC ACID. 

DETECTION OP THE ACIDS. 

I, In the Ähsence ofOrganic Acida, 

§ 199. 

In the examination of these Compounds attention must be directed 
to all acids, with the exception of chloric acid. Cyanogen Com- 
pounds and Silicates are not examined by this method. (Oom- 
pare § 202 and § 203.) 

1. Carbonic ACID, SULPHÜR (in form of metallic sulphides), arse- 193 
Nrous ACID, ARSENic ACID, and CHROMic ACID, if prcseut, have been 
found already in the course of the examination for bases ; nitric 
ACID, if present, has been detected in the course of the preliminary 
examination, by the ignition of the powdered substance in a glass 
tube(§174). 

2. Mix a sample of the substance with 4 parts of pure carbonate 194 
of soda and potassa, and, should it contain a metallic sulphide, add 
some nitrate of soda ; fuse the mixture in a platinum crucible if 
there are no reducible metals present, in a porcelain crucible if re- 
ducible metals are present ; boil the fused mass with water, and 
add a little nitric acid, leaving the reaction of the fluid, however, 
still alkaline ; heat again, filter, and proceed with the flltrate accord- 
ing to the directions of § 197, to eflect the detection of all the 
acids which were combined with the bases.* 

3. As the phosphates of the alkaline earths are only incompletely 195 
decomposed by fusion in conjunction with carbonate of soda and 
potassa, it is always advisable in cases where alkaline earths are 
present, and phosphoric acid has not yet been detected, to dissolve 

a fresh sample of the body under examination in hydrochloric acid 
or nitric acid, and test the Solution for phosphoric acid with 
molybdic acid, 

4. If in the course of the examination for bases, alkaline earths 
have been found, it is also advisable to test a separate portion of 
the body under examination for fluorine, by the method described 
in § 147, 5. 

5. That portion of the substance under examination which is 196 
treated of in § 199, 2 (194), can be tested for silicic acid only 

in cases where the fusion has been eflected in a platinum crucible ; 
in cases where a porcelain crucible has been used, it is necessary to 
examine a separate portion of the body for silicic acid, by evaporat- 
ing the hydrochloric or nitric acid Solution. 

6. Examine a separate sample of the body for OXAUC acid as 
directed in § 200, 3. 

* If the body examined has been found to contain a metallic sulphide, a separate por- 
tion of it must be examined for sulphuric acid, by heating it with hydrochloric aicid, 
filtering, adding water to the filtrate, and then testing the fluid with chloride of barinm. 
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Complex Comipovmds, 

A, 2. SUBSTANCES INS0LÜ6LE IK WaTEB, BUT SOLUBLE DT HyDBO- 

CHLOBIC ACID, NiTRIC AOID, OB KiTBOHYDBOCHLOBIC ACID. 

DETECnON OF THE ACIDS, 

II. In Fresence of Orgomic Äcids. 

§200. 

1. Conduct the examination for inorganic acids according to tlie 197 
direstion of § 199. 

2. Tost for ACETio ACID as directed § 198, 5 (191). 

3. Dissolve a portion of the Compound under examination in the 198 
least possible amount of hydrochloric acid, filier, if necessaiy, and 
test the nndissolved residue which may be lefb, for benzoic acid by 
application of heat ; add to the filtrate Solution of carbonate of soda 

in considerable excess, and, besides this, also a little solid carbonate 
of soda, boil the mixture for a few minutes, and then filter the fluid 
from the precipitate. In the filtrate you have now all the organic 
acids in Solution, combined with soda. Acidify the filtrate with 
hydrochloric acid, heat, and proceed according to the direction of 
§ 198. 

Complex Compoimds. 

B. SüBSTANCES INSOLUBLE ob SPABINGLT SOLUBLE BOTH IN WaTER 

AND IN Hydrochlobic Acid, Nitrio Acid, ob Nitrohydro- 
CHLORic Acid, 

DETECTION OP THE BASES, ACIDS, AND NON-METALLIC ELEMENTS. 

§201. 
To this class belong the foUowing bodies and Compounds. 199 

SULFHATE OE BARTTA, SULPHATE OP 8TR0NTIA, and SULPHATE OF 
LIME.* 

SüLPHATE OP LEADt and chloiide of lead4 

Chloride of silyer, bromide of silver, iodide of silver, Cyanide 
of silver,|| ferro- and ferricyanide of silver.^ 

Silicic acid and many Silicates. 

Native alumina, or alumina whicb has passed through a process 
of intense ignition, and many aluminates. 

Ignited sesquioxide of chromium and chrome-ironstone (a Com- 
pound of sesquioxide of chromium and protoxide of iron). 

* Sulpbate of lime passes partially into the Solution efifected by water, and often com" 
pletely into that efifected by acids. 

+ Sulpbate of lead may pass completely into the Solution efifected by acids. 

Z Chloride of lead can here only be found if the precipitate insoluble in acids has not 
been tboronghly washed with bot water. 

II Bromide, iodide, and Cyanide of silver are decomposed by boiling with nitrohydro- 
ehloric acid, and converted into chloride of silver ; tbey can accordingly be foand here 
only in cases where the Operator has to deal with a substance which — ^as nitrohydrochlorie 
acid has faüed to efifect its Solution — is examined directly by the method described in this 
Paragraph (§ 201). 

% With regard to the examination of these Compounds, compare also § 202« 
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Ignited, and native binoxide of tia (tin-stone). 

Some metaphosphates and some arsenates. 

Fluoride of calcium and a few other Compounds of fluorine. 

SULPHUB. 

Carbon. 

Of tbese Compounds those printed in small capitals are more 
frequently met with. As the Silicates perform a highly important 
part in mineral analysis, a special chapter (§ 203 — § 206) is devoted 
to tliem. 

The substance under examination which is insoluble in water 
and in acids is in the first place subjected to the preliminary 
experiments here described in a — e, if the quantity at your disposal 
is not absolutely too small to admit of this proceediug ; in cases 
where the quantity is insufficient for the purpose, the Operator 
must omit this preliminary examination, and at once pass on to 1, 
bearing in mind, however, that the body may contain aU the afore- 
said substances and Compounds. 

a. Examine closely and attentive]y the physical State and con- 200 
dition of the substance, to ascertain whether you have to deal 
with a homogeneous mass or with a mass composed of dis- 
similar particles ; whether the body is sandy or pulverulent, 
whether it has the same color throughout, or is made up of 
variously-colored particles, &c. The microscope, or even a simple 
magnifying glass, will be found very useful at this stage of the 
examination. 

h. Heat a small sample in a glass tube sealed at one end. If 201 
brown fumes arise, and sulphur sublimes, this is of course a proof 
of the presence of that substance. 

c. If the substance is black, this indicates, in most cases, the pre- 202 
sence of carbon (wood-charcoal, pit-coal, bone-black, lamp-black, 
graphite, &c). Heat a small sample on platinum foil over the blow- 
pipe flame ; if the substance which blackens the fingers is con- 
sumed, this may be held to be a positive proof of the presence of 
CARBON in some shape or other. Graphite, which may be readily 
recognised by its property of communicating its blackish-gray color 

to the fingers, to paper, &c., requires the application of oxygen for 
its easy combustion. 

d. Warm a small sample, together with a small lump of Cyanide 203 
of potassium and some water, for some time, filter, and test the 
filtrate with sulphide of ammonium. The formation of a brownish* 
black precipitate shows that the substance under examination con- 
tains a Compound of silyer. 

e. If an undissolved residue has been left in d, wash this tho- 204 
roughly with water, and, if white, sprinkle a few drops of sul- 
phide of ammonium over it ; if it turns black, salts of lead are 
present. If, howeyer, the residue left in d is black, heat it with 
some acetate of ammonia, adding a few drops of acetic acid, filter, 
and test the filtrate for lead, by means of sulphuric acid and 
hydrosulphuric acid.* 

The results obtained by these preliminary experiments serve to 
guido the Operator now in his further course of proceeding. 

* The presence of lead in Silicates, e,g. in glass containing lead, cannot be detected by 
this method« 
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1, a, SaLTS OF LEAD ARE NOT PRE8ENT. PaSS On to 2 (206)* 205 

h. Salts OF LEAD ARE pRESEiiT. Heat the substance re- 
peatedly with a concentrated Solution of acetate of ammonia^ 
until the salt of lead is completelj dissolved out. Test a por- 
tion of the filtrate for ghlorine, another for sulphuric acid, 
and the remainder for lead, by addition of sulphuric acid in 
excess, and by hydrosulphuric acid. If acetate of ammonia 
has lefb a residue, wash this, and treat it as direoted in 2. 

2, a. Salts of silver are not present. Pass on to 3. 206 

6. Salts of silver are present. Digeist the substance 
free from lead, or which has been freed from that metal by 
acetate of ammonia, repeatedly with Cyanide of potassium 
and water, at a gentle heat (in presence of sulphur, in the 
cold), until all the salt of silver is removed. If an undis- 
solved residue is left^ wash this, and then proceed with it 
aocording to the directions of 3 (207)* Of the fiUrate^ which 
contains Cyanide of potassium, mix the larger portion with 
sulphide of ammonium, to precipitate the silver. Wash the 
precipitated sulphide of silver, then dissolve it in nitric acid, 
dilute the Solution, and add hydrochloric acid, to ascertain 
whether the precipitate really consisted of sulphide of silver. 
Test another small portion of the filtrate for sulphurio 

ACID.* 

3, a. Sulphur is not present. Pass on to 4. 207 

h, Sulphur is present. Heat the substance free from silver 
and lead in a covered porcelain crucible until all the sulpbur 
is expelled, and, if a residue is lefb, treat tlus according to the 
directions of 4 (208)« 

4, Mix the substance free from silver, lead, and sulphur with 208 
2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 

I part of nitrate of potassa,t heat the mixture in a platinum crucible 
until the mass is in a state of calm fiision, place the red hot crucible 
on a thick, cold iron plate, and let it cool. By this means you will 
generally succeed in removing the fused mass from the crucible in 
an unbroken lump. Soak the mass now in water, boil, filter, and 
wash the residue until chloride of barium no longer produces a 
precipitate in the washings. (Add only the first washmgs to the 
filtrate.) 

a. The sohuion ohtained contains the acids which were 209 
present in the substance decomposed by fluxing (208)- But it 
may, besides these acids, contain also such bases as are soluble 
in caustic alkalies. Proceed as follows : — 

a. Test a small portion of the Solution for sulphuric 

ACID. 

ß. Test another portion with molybdic acid for phos- 
PHORic ACID and arsenic acid. If a yellow precipitate 

* As the carbonate of potassa contained in the Cyanide of potassium may have pro* 
duced a total or partial decomposition of any sulphates of the alkaline earths which 
happened to be present. 

f Addition of nitrate of potassa is nsefal eren in the case of white powders, as it 
counteracts the injurious action of Silicate of lead, should any be preRcnt, upon the 
platinum crucible. In the case of black powders, the proportion of nitrate of potassa 
must be correspondingly increased, in order that carbon, if present, may be consumed as 
cömpletely as possible, and that any chrome-ironstone existing'iu the Compound, may b«' 
more thoronghly decomposed. 
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forms, remove the arsenic acid which may be present with 
hjdrosulphuric acid, and then test once more for phosphoric 
acid. 

y. Test another portion for pluorinb (§ 147, 7). 
^. If the Solution is yellow, chromic acid is present. 
Tg remove all doubt on the point, acidify a portion of the 
Solution with acetic acid, and test with acetate of lead. 

£. Acidify the remainder of the Solution with hydrochloric 210 
acid, evaporate to diyness, and treat the residue with hydro- 
chloric acid and water. If a residue is left which refuses 
to dissolve even in boiling water, this consists of siLicic acid. 
Test the hydrochloric acid Solution now in the usual way 
for those bases which, being soluble in caustic alkalies, may 
be present. 

6. Dissolve the residue lefi in 4 (208) ^^ hydrochloric acid 211 
(effervescence indicates the presence of alkaline earths), and 
test the Solution for the bases as directed in § 188. (If much 
silicic acid has been found in c (210)> it is advisable to evapo- 
rate the Solution of the residue to dryness, and to treat the 
residuary mass with liydrochloric acid and water, in order that 
the silicic acid remaining may also be removed as completely 
as possible.) 

5. If you have found in 4 that the residue insoluble in acids 212 
contains a Silicate, treat a separate portion of it according to the 
directions of § 205, 2 (228)> ^ ascertain whether or not this Sili- 
cate contains alkalies. 

6. If a residue is still left undissolved upon treating the 213 
residue left in 4 with hydrochloric acid (211), this may consist 
either of silicic acid, which has separated, or of an undecomposed 
portion of sulphate of baryta ; it may, however, also be fluoride of 
calcium, and if it is dark-colored, chrome-ironstone, as the last- 
named two Compounds are only with diflSculty decomposed by 

the method given in 4. I would therefore remind the student 
that fluoride of calcium may be readily decomposed by means of sul- 
phuric acid ; and, as regards the decomposition of chrome-ironstone, 
I can recommend the following method, first proposed by Hart : 
Project the fine powder into 8 times the quantity of fused 
borax, stir the mixture frequently, and keep the crucible for half- 
an-hour at a bright red heat. Add now to the fusing mass car- 
bonate of soda so long as effervescence continues, and then 
finally add 3 times the weight of the chrome-ironstone of a mix- 
ture of equal parts of carbonate of soda and nitrate of potassa, 
whilsfc actively stirriug the mixture with a platinum wire. ' Let the 
mass cool, and, when cold, boil it with water. 

7. If the residue insoluble in acids contained silver, you have 214 
still to ascertain whether that metal was present in the original 
substance as chloride, bromide, iodide, &c., of silver, or whether 

it has been converted into the form of chloride of silver by the 
treatment employed to effect the Solution of the original substance. 
For that pui'pose, treat a portion of the original substance with 
boiling water until the soluble part is completely removed ; then 
treat the residuary portion in the same way with dilute nitric 
acid, wash the undissolved residue with water, and test a small 
I. Q 
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flample 6f it for silver according to the directions of § 201, d 
(203)* If silver is present, proceed to ascertain the salt-radical 
with which the metal is combined ; this may easilj be effected 
by boiling the remainder of the residue in the first place with 
rather dilute Solution of soda, filtering, and testing the filtrate, afber 
acidifying it, for ferro- and ferricyanogen. Digest the washed residue 
now with finely granulated zinc and water, with addition of some 
sulphuric acid, and filter afber the lapse of ten minutea. You may 
now at once test the filtrate for chlorine, bromine, iodine, and 
cyanogen ; or you may first throw down the zinc with carbonate of 
soda, in order to obtain the salt-radicals in combination with sodium. 



SECTION II. 

PRACTICAL COITRSE 

IN PABTICULAB GASES. 

I. Special Method op effectino the Akaxtsis op Cyakides, 

Fe^IIGOYANIDES, etc., INSOLUBLE IN WaTEB, AND ALSO OF INSO- 
LUBLE MIXED SUBSTANCES CONTAINING SUCH COMPOUNDS.* 

§ 202. 

The analysis of ferrocyanides, ferricyanides, &c., by the common 215 
method is ofben attended by the manifestation of such anomalous 
reactions as easily to mislead the analyst. Moreover, acids often 
fail to effect their complete Solution. For these reasons it is ad- 
visable to analyze them, and mixtures containing such Compounds, 
by the foUowing special method : — 

Treat the substance with water until the soluble parts are en- 
tirely removed, and boil the residue with strong Solution of potassa 
or soda ; afber a few minutes ebuUition add some carbonate of soda, 
and boü again for some time ; filter, should a residue remain, and 
wash the latter. 

1. The residue^ if any has been left, is now free from cya- 216 
nogen, unless the substance under examination contains Cyanide 

of silver, .in which case the residue would of course still contain 
cyanogen. Examin e the residue now by the common method, 
beginning at § 178, 2 (34). 

2. The Solution or fUrate, which, if combinations of com- 217 
pound cyanogen radicals were originally present, contains 
these combined with alkali metals, may also contain other 
acids, which have been separated from their bases by the process 

of boiling with carbonate of soda, and lastly also, such oxides 
as are soluble in caustic alkalies. . 

• Before entering upon this course of analysia, constilt the special remarks to the 
Paragraph (§ 202), page 274, in the Thii-d Section. 
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Treat the Solution as follows : — 

a. Mix the alkaline fluid with a sufficient quantity of Hydro- 218 
sulpliuric acid. 

a. iVa perman&rU precipüate is/ormed, Absence of zinc 
and lead. Pass on to b. 

ß: A permanent precipüate is /ormed. Add to the fluid 
a little yellow sulphide of sodium, heät moderately, filter, 
wash the precipitate, and treat the filtrate as directed in b, 
Disäolre the washed p^ecipitate in nitric acid, and examine 
the Solution for copper, lead, zinc, and other metals of the 
föurth gtoup, which may, in the saine way as copper, have 
passed into the alkaline Solution, by the agehcy of organic 
matters. 

6. Mix the alkaline fluid, whicb contains now also sulphide 219 
of an alkaH metal, with nitric acid to acid reaction, and, if 
necessary, add once more hydrosulphuric acid. 

a. iVb precipitate is /orrried. Absence of mercury and öf 
the Oxides of the sixth group. Pass on to c. 

ß, Ä precipüate is /ormed. I^ter, wasb the precipitate, 
and then examine it for mercury, and the metals of the sixth 
group, according to the directions of § 189. 
c. The fluid, acidified with nitric acid, and therefore abun- 220 
dantly supplied with nitrates of alkalies, may still contain 
the metals which, in combinatioti with cyanogen, form Com- 
pound radicals (iron, eobalt, manganese, chromium), and, besides 
these, also alumina. You have to test it also for cyanogen, 
respectively, ferrocyanogen, cobalticyanogen, &c., and for other 
acids. Divide it, therefore, into two portions, a and ß. Ex- 
amine a for the acids according to the directions of § 197. 
(Cobalticyanide may be recognised as such by its giving with 
salts of nickel greenish, with salts of manganese and zinc white 
precipitates.) 

Evaporate ß to dryness, and heat the residue to fusion. Pour 
the fused mass upon a piece of porcelain, boil with water, filter, 
and examine the residue for iron, manganese, cobalt, and 
ALUMINA. Test a portion of the filtrate (if yellow) for chromic 
ACID, the remainder for alumina — which may have passed par- 
tially or completely into the Solution, through the agency of 
the caustic alkalies formed, in the process of fusion, from the 
nitrates of the alkalies present. 

IL Analysis op Silicates. 
§ 203. 

Whether the body to be analyzed is a Silicate, or contains one, is 221 
ascertained by the preliminary examination with phosphate of soda 
and ammonia before the blowpi})e ; since, in the process of fusion, the 
metallic oxides dissolve, whilst the separated silicic acid floats about 
in the liquid bead as a transparent, s wollen mass. 

The analysis of the Silicates differs, strictly speaking, from the 
common course only in so far as the preliminary treatment is con- 
cemed, which is required to effect the Separation of the silicic acid 
from the bascs, and to obtain the latter in Solution. 

«2 
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The Silicates and double Silicates are divided into two distinct 
classes, which require respectively a different method of analysis ; 
viz., (1) Silicates decomposable by acids (hydrochloricacid, nitricacic^ 
sulphuric acid) and (2) Silicates which are not decomposed by acids. 

To ascertain to which of these two classes a Silicate belongs, re- 
duce it to a very fine powder, and digest a portion with hydrochloric 
acid at a temperature near the boiling point. If this falls to decom- 
pose it, try another portion with tolerably concentrated sulphuric 
acid, and apply heat. If this also fails, after some tinie, to produce 
the desii'ed effect, the sUicate belongs to the secoud class. Whether 
decomposition has been effected by the acid or not niay generally be 
learned from extemal indications, as a colored Solution forms almost 
invariably, and the separated gelatinous, flocculent, or finely-pul- 
verulent hydrate of silicic acid takes the place of the original heavy 
powder which grated under the glass rod with which it was stirred ; 
the separated hydrate of silicic acid will, after filtering and washing, 
dissolve in boiling Solution of potassaor soda, which affords an addi- 
tional means of identification. 

Before proceeding further, test a portion of the pulverized Com- 
pound also for water, by heating it in a perfectly dry glass tube. 
If the substance coutainshygroscopic moisture it mustfirat be dried 
by protracted exposure to a temperature of 2 1 2° F. Apply a gentle 
heat at £rst, but ultimately an intense heat, by means of the blow- 
pipe ; you may also conveniently combine with this a preliminary 
examination for fiuorine (§ 147, 8). 

A, Silicates decomposable by Acids. 

§204. 

a, Süicates decomposable by hydrochloric acid or by nitrtc acid* 

1. Digest the finely pulverized Silicate with hydrochloric acid at 222 
a temperature near the boiling point, until complete decomposition 

is effected, filter off a small portion of the fluid, evaporate the re- 
mainder, together with the silicic acid suspended therein, to dry- 
ness, and expose the residue to a temperature somewhat exceeding 
2 1 2° F., with constant stirring, until no more, or very few, hydrochloric 
acid fumes escape ; allow it to cool, moisten the residue with hydro- 
chloric acid, or as the case may be, with nitric acid, afterwards add 
a little water, and heat gently for some time. 

This Operation effects the Separation of the silicic acid, and the 
Solution of the bases in the form of Chlorides. Filter, wash the 
residue thoroughly, and examine the Solution by the common 
method, beginning at § 188.t To be quite safe, the residuary silicic 
acid may be digested with ammonia, flltered, and the flltrate tested 
for silver, by supersaturation with nitric acid. 

2. As in Silicates, and more particularly in those decomposed by 223 

* Nitric acid is preferable to hydrochloric acid in cases where Compounds of silver or 
lead are present. 

t Minute traces of titanic acid are occasionally met with in Silicates. The titanic acid 
present passes into the hydrochloric acid Solution, if the Separation of the silicic acid has 
been efifected on the water-bath, and is subsequently thrown down with the bases precipi- 
table by ammonia (sesquioxide of iron and alumina). üpon iguiting the precipitate, 
and then treating it with concentrated hydrochloric acid, the greater portion of the titanic 
acid remains undissolved. On filtering it, the washings generally look milky when pass- 
ing through the filter. It is more closely examined before the blowpipe ; compare § 103 
{ff. Rose). 
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hydrochloric acid^ there are often found other acids, as well as 
metalloids, the following observations and instnictions must be 
attended to, that none of tbese substances may be overlooked: — 

a. SuLPHiDES of METALS and OARBONATES are detected in the 
process of treating with hydrochloric acid. 

ß, If the separated silicic acid is black, and tums snb- 
seqnently white upon ignition in the air, this indicates the 
presence of carbon or of organic substances. In presence of 
the latter, the Silicates emit an empyreumatic odor upon being 
heated in a glass tube. 

y. Test the portion of the hydrochloric acid Solution filtered 
off before evapoiuting (222), for phosphoric acid (absenic 
ACID, which may happen to be present), and sulphuric acid, 
by means of molybdic acid, and chloride of barium. 

^. BoRACic ACID ia best detected by fusing a portion 224 
of the substance in a platinum spoon with carbonate of soda 
and potassa, boiling the fusod mass with water, and examining 
the Solution for boracic acid by the method given in § 145, 6. 

£. With many Silicates, boiling with water is sufficient to dis- 
solve the inetalHc Chlorides present, which may then be readily 
detected in the filtrate by means of Solution of nitrate of 
silver; the safest way, however, is to dissolve the mineral in 
dilute nitric acid, and test the Solution with nitrate of silver. 

f. Metallic Fluorides, which ofben occur in Silicates in 
greater or smaller proportion, are detected by the methods 
described § 147. 
b. Silicates which resist the actum of hydrochloric acid, hut a/re de- 
composed by concentrated sulphuric a^cid, 

Heat the finely pulverized mineral with moderately concentrated 225 
pure sulphuric acid (best in a platinum dish), finally drive off the 
sulphuric acid, boil the residue with hydrochloric acid, dilute, lilter, 
and treat the filtrate as directed § 188 ; and the residue, which, besides 
the separated silicic acid, may contain also sulphates of the alkaline 
earths, <kc., according to the directions of § 201. If you wish to exa- 
miue Silicates of this class for acids and salt-radicals, treat a separate 
portion of the substance according to the directions of § 205. 

B. Silicates which are not decomposed by Acids. 

§205. 

As the Silicates of this class are most conveniently decomposed by 226 
fusion with carbonate of soda and potassa, the portion so treated 
cannot, of course, be examined for alkalies. The analytical process 
is therefore properly divided into two principal parts, viz., a portion 
of the mineral is examined for the silicic acid and the bases, with 
the exception of the alkalies, whilst another portion is speciaJly 
examined for the latter. — Besides these, there are some other ex- 
periments required, to obtain information as to the presence or 
absence of other acids. 

1. Detection o/the silicic acid and the bases, urith the exceptioii of ths 
alkalies, 

Reduce the mineral to a very fine powder, mix this with 4 227 
parts of carbonate of soda and potassa, and heat the mixture in a 
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platinum crucible over a gas or Berzdius spirit-lamp, until the mass 
is in a State of calm fosion. Put the red-hot crucible on a thick, cold 
iron plate, and let it cool there ; this will generallj enable ypu to 
remove the fused cake from the crucible, in which case break the 
mass to pieces, and keep a portion for subsequent ezamination for 
acids. Put the remainder, or, if the mass still adheres to the cru- 
cible, the latter, with its Contents, into a porcelain dish, ppur water 
over it, add hjdroohloric acid, andheat gentlj until the mass is dis- 
solved, with the exception of the silicic acid, which separates in flakes. 
Hemove the crucible from the dish, if necessary, evaporate the Con- 
tents of the latter to dryness, and treat the residue ^& directed 

■§204,1(222). 

2. Detection ofthe alkaltes. 

To efiect this, the Silicates under examination must be decom- 228 
posed by means of a substance free from aJkalies. Hydrofluoric 
acid or a metallic fluoride answers this purpose best ; but fusion 
with hydrate of bary ta will also accomplish the end in Tiew. 

a. Decomposition bt means of a metallic fluobide. — Mix 
1 part of the very finely pulverised mineral with 5 parts 
of fluoride of barium, or pure, finely pulverized flupride of 
calcium, stir the mixture in a platinum crucible with concen- 
trated sulphuric acid to a thickish paste, and heat gently for 
some time in a place affording a free escape to the vapors ; 
finally heat a little more strongly, until the excess of sulphuric 
acid is completely expelled. Boil the realdu^ now with water, 
add Chloride of barium cautiously as long as a precipitate con- 
tinues to form, then baryta-water to idkaline reaction, boil, 
filter, mix with carbonate of aminonia and somß ammonia as 
long as a precipitate forms, and proceed exactlyas directed 

§194,2(168). 

b. Decomposition bt means of htprate of ba^lyta. ^xa 229 
1 part of the very finely pulverized substance with 4 parts of 
hydrate of baryta, expose the mixti^re for half an hour in a pla- 
tinum crucible to the strengest possible heat of a good Berzdivs 

or gas-lamp, and treat the fused or agglutinated mass with 
hydrochloric acid and water until it is dissolved ; precipitate 
the Solution with ammonia and carbonate of ammonia, filter, 
evaporate to dryness, ignite, dissolve the residue in water, pre- 
cipitate again with ammonia and carbonate of ammonia, filter, 
evaporate, ignite, and test the residue for potassa and soda as 
directed § 195. If the residue still contains magnesia, this 
may be readily removed, by adding to the aqueous Solution of 
the residue, a little finely pulverized oxide of mercury, 
evaporating to dryness, ignitiqg the dry mass, and then treat- 
ing it with water^ which will dissolve the alkalies as Chlorides^ 
and leave the magnesia undissolved. 

3. Exa/mination for flvxyrine, chlorine, horadc a>cid, pho^haric 
acidf araenic acid, cmd svlphv/ric add, 

Use for this purpose the portion of the fused mass roaerved in 230 
§ 205, 1 (227)> or, if necessary, fuse a separate portion of the 
finely pulverized substance with 4 parts of pure carbonate of soda 
and potassa until the mass fiows calmly ; boil the fused mass with 
water, filter the Solution, which contains all the fiuorine as fluoride 
of sodium^ all the chlorine as chloride of sodium, all the boracic acid 
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as borate, all the sidphuric acid as snlphate, all the arsenic acid äs 
arsenate, and at least part of the phosphoric acid as phosphate of 
soda^ and treat the filtrate as follows : — 

a, Aoidifj a small portion of it with nitiic acid, and test for 
cMorine with nitrate of silver. 

6. Testanother portion for boracic acid as directed § 205, 2, 

^ (224). 

c. Test a third portion, after addition of hydrochloric acid, 
with molybdate of ammonia for phosphoric acid and arsenic 
acid. 

d. To effect the detection of the fluorine, treat the retnainder 
of the filtrate as directed § 147, 7. ^ 

€. Silicates which abe pabtially decomposed by Acibs. 

§206. 

Most of the native rocks and minerals are mixtures of several 231 
Silicates, of which the one is ofben decomposed bj acids, the other 
not. If such minerals were analyzed by the same method as the 
absolutely insoluble Silicates, the analyst would indeed detect all the 
Clements present, but the analysis would aflbrd no satisfactory in- 
l^ght into the actual composition of the mineral. • 

It is, therefore, advisable to examine separately those parts of 
the mineral which show a different deportment with acids. For 
this purpose digest the veiy finely pulverized mineral for some 
time with hydrochloric acid at a very gentle heat, then evaporate 
to dryness,and expose to a temperature somewhat exceeding 212° F., 
with stirring, until no more, or veiy few, hydrochloric acid vapors 
are evolved j let the residue cool, meisten it when cold with hydro- 
chloric acid, heat gently with water, and filter. 

The flltrate contains the bases of the decomposed part of the 
mixed mineral ; examine this as directed § 204. The residue con- 
tains, besides the silicic acid separated from these bases by the 
action of the hydrochloric acid, that part of the mixed mineral 
which iias resisted the action of the acid. Boil this residue with an 
excess of Solution of carbonate of soda, filtier hot„ and wash, first 
with hot Solution of carbonate of soda, finally with boiling water. 
Treat the residuary undecomposed part of the mineral, from which 
the admixed free silicic acid has thus been removed, according to 
the Instructions given in § 205. In cases where it is of no conse- 
quence or interest to effect the Separation of the silicic acid of the 
part decomposed by acids, you may omit the laborious treafcment 
with carbonate of soda, and may proceed at once to the decomposi- 
tion of the residue. 

ITI, Analysis dp Natubal Watebs. 

§207. 

In the examination of natural waters the analytical process is 232 
simplified by the circumstance that we know from experience the 
Clements and Compounds which are usually found in them. Now, 
although a quantitative analysis alone can properly inform us as to 
the true nature and character of a water, since the differencea b^ 
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tween the various waters are principally caused by the difierent pro- 
portions in which the several constituents are respectivelj present, 
a qualitative analysis may yet render very good Service, especially if 
the analyst notes with proper care, whether a reagent produces a 
faint or a distinctly marked turbidity, a slight or a copious precipi- 
täte, since these circumstances will euable him to make an approxi- 
mate estimation of the relative proportions in which the several 
constituents are present. 

I separate here the analysis of the common fresh waters (spring- 
water, well-water, brook-water, river-water, <fec.) from that of the 
mineral waters, in which we may also include sea- water ; for, 
although no well-defined limit can be drawn between the two 
classes, still the analytical examination of the former is necessarily 
far more simple than that of the latter, as the number of substances 
to be looked for is mach more limited than in the case of mineral 
waters. 

A. Analysis of Fresh Waters (Spring-wateb, Well-wateb, 

Brook WATER, River-water, &c.). 

§208. 

We know from experience that the substances to be had regard 233 
to in the analysis of such waters are the following : — 

a, Bases : Potassa, soda, ammonia, lime, magnesia, protoxide of 
iron. 

h, AciDS, &c. : Sulphuric acid, phosphoric acid, silicic acid, car- 
bonic acid, nitric acid, chlorine. 

c. Organic matters, 

d, Mechanically suspended substances : Clay, &c, 

The fresh waters contain indeed also other constituents besides 
those enumerated here, as may be inferred from the origin and for- 
mation of spnngs, &c., and as has, moreover, been fully established 
by the results of analytical investigations ;* but the quantity of 
such constituents is so trifling that they escape detection, unless 
iiundreds of pounds of the water are subjected to the analytical pro- 
oess. I omit, therefore, here the mode of their detection, and refer 
to § 209. 

1. Boil the carefully collected water in a glass flask or retort 234 
1k> one half. This generally produces a precipitate. Pass the fluid 
through a perfectly clean filter (free from iron and lime), wash the 
precipitate well, after having removed the filtrate, and then examine 
both as foUows : — 

a. Uxamination qf the precipitate. 

The precipitate contains those constituents of the water 235 
which were only kept in Solution through the agency of free 

♦ Chatin (** Journ. de Pharm, et de Chim.," 3 S6r. t. xxvii. p. 418)fotind iodine in all 
fresh-water plants, but sot in land plants, a proof that the water of rivers, brooks, 
pondsy &c., contains traces, even though extremely minute, of metallic iodides. 
Ac5cording to Marchand (*'Compt. ßend.,** t. xxxi. p. 495), all natural waters contain 
iodine, bromine, and lithia. Yan Ankum has demonstrated the presence of iodine in 
almost all the potable waters of Holland. And it may be affirmed with the same cer- 
tainty that all, or at all events most, natural waters contain Compounds of strontia, 
fluorine, &c. 
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carbonic acid, or, as the case may be, in tlie form of bicar- 
bonates, viz., carbonate of lime, carbonate of magnesia, hydrated 
sesquioxide of iron (whioh was in Solution as bicarbonate of 
protoxide of iron, aod precipitates upon boiling as sesquioxide, 
and if phosphoric acid is present, also in combination with that 
acid), phosphate of lime ; and besides, silicic acid, and some- 
times also sulphate of lime, if tbat substance is present in large 
Proportion ; and clay which wa« mechanically suspended in the 
water. . 

Dissolve the precipitate on the filter in the least possible 
quantity of dilute hydrocbloric acid (effervescenoe indicates 
the presence of carbonic acid), and mix separate portions of 
the Solution : — 

a. With sulphocyanide of potassium : red coloration indi- 
cates the presence of iron ; 

ß, With ammonia ; wann, filter, if necessary, mix the 236 
filtrate with Oxalate of ammonia, and let the mixture stand 
for some time in a warm place. The formation of a white 
precipitate indicates the presence of limb — in the form of 
carbonate, or also in that of sulpbate if sulphuric acid is de- 
tected in y, Filter, mix the filtrate again with ammonia, . 
add some phosphate of soda, stir with a glass rod, aud let 
the mixture stand for twelve hours. The formation of a 
white, crystalline precipitate, which is often visible only on 
the sides of the vessel when the fluid is poured out, indicates 
the presence of Magnesia (carbonate of) ; 

y. With Chloride of barium, and let the mixture stand 
for twelve hours in a warm place. The formation of a pre- 
cipitate — ^which, when very inconsiderable, is best seen if the 
supematant clear fluid is cautiously decanted, and the small 
quantity remainiug shaken about in the glass — indicates the 
presence of sulphuric acid. 

^. Add some of the fluid to a Solution of molybdate of 237 
ammonia, acidified with hydrocbloric acid, and boil. The 
appearance of a yellow color, or the formation of a yellow 
precipitate, indicates the presence of phosphoric acid.* 
6. Examination of the filtrate. 

a. Mix a portion of the filtrate with a little hydrocbloric 238 
acid and chloride of barium. The formation of a white pre- 
cipitate, which makes its appearance at once or perhaps only 
after stau ding some time, indicates sulphuric acid. 

ß. Mix another portion with nitric acid, and add nitrate 
of silver. A white precipitate or a white turbidity, indi- 
cates the presence of chlorine. 

y. Test a portion of the filtrate for phosphoric acid as in 

a, a (237). 

5. Evaporate another and larger portion of the filtrate until 239 

* In default of molybdate of ammonia, evaporate the remainder of the hydrochloiic 
cid Solution of the precipitate to dryness, redissolve the residue in a little hydrocbloric 
cid and water, filter the Solution, and mix the filtrate with carbonate of soda until it is 
early neutralized, then with acetate of soda and a rery small quantity of sesquicbloride 
* iron. The formation of a white precipitate, which generally becomes visible only after 
mg Standing, indicates the presence of phosphoaio aoid. 
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highly oonoentratedy and test the reaction of the fluid. 
If it is alkaline, and a drop of the concentrated cleär Solu- 
tion eflervesces when mixed on a watoh-glass with a drop of 
aoid, a oarbonate of an alkali is present. Shonld ihis be the 
case, evaporate the fluid to perfect dryness, boü the residue 
with spirit of wine, Alter, evaporate the alooholic Solution to 
dryness, dissolve the residue in a little water, and test the 
Solution for nitsic aoid as directed § 159, 5, or by the 
method given in § 159, 8, which is still more delicate. 

6. Mix the remainder of the filtrate with some Chlo- 
ride of ammonium, add ammonia and Oxalate d£ aYomonia, 
and let the mixture stand for a considerable time. The 
formation of a precipitate indicates the presence of liice. 
Pilter, and test,-^ — 

aa. A small portion with ammonia and pho^phate of 
soda for haokesia. 

bb. Evaporate the remainder to dryness, heat the rtei- 
due to rechiess, remove the magnesia, which may be pre- 
sent (§ 194), and test for potassa and boda, aceording 
to the directions of § 195. 

2. Aoidify a tolerably large portion of the flltered watisr with 240 
pure hydrocäiloric acid, and evaporate nearly to dryness ; divido the 
residue into 2 parts, and, — 

a. Test the one part with hydrate of lime for axslgsia (com- 
pare § 196). 

b. Evaporate the other part to dr3r»es8, moistcfn with 
hydrodiloric acid, add water, warm, and Alter, if a residue 
remains. The residue may consist of silicic acid, and of clay 
which has been mechanically suspended in the watei* ; these 
two substances may be separated from each other by boiling 
with Solution of carbonate of soda. The precipitate is ofben 
dark-colored from the presence of organic substances ; but it 
becomes perfectly white upon ignition. 

3. Mix another portion of the water, fresh taken from the well, 241 
<fec., with lime-water. If a precipitate is thereby produced, ¥SEE 
CARBONic AOID or BiOARBONATES arc prcscnt. If the former is |^:e- 
sent (free carbonic acid), no permanent precipitate is obtained when 

a larger portion of the water is mixed with only a small amount of 
lime- water, since in that case solnble bicarbonate of lime is formed. 

4. To detect the presence of okoakio hatters, evaporate a portion 242 
of the water to dryness, and gently ignite the residue : blackening 

of the mass denotes the presence of organic substances. If this ex- 
periment is to give conclusive results, the evaporation of the water, 
as well as the ignition of the residue, must be conducted in a glass 
flask or a retort. 

5. If you wish to examine the matters mechanically suspended 243 
in a water (in muddy brook or river-water, for instance), AU a large 
glass bottle with the water, cork securely, and let it stand at rest 

for several days, until the suspended matter has subsided; remove 
now the clear supematant fluid with the aid of a syphon, Alter the 
remainder, and examine the sediment remaining on the Alter. As 
this Sediment may consist of the Anest dust of various minerals, 
treat it Arst with hydrochloric acid^ and examine the part insoluble 
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in that menstruum in the manner directed § 203 (Analjsis of 
Silicates). 

B, Analtsis of Mineral Watebs. 

§209. 

The analysis of mineral waters embraces a larger number of con- 244 
stituents than that of fresh water. The foUowing are the principal 
of the additional elements to be looked for : — 

LiTHIA, BABYTA, STBONTIA, ALÜMINA, PBOTOXIDE OF MANGANESE, 
BOBACIO ACID, BROMINE, lODINE, FLUOBINE, HYDBOSULPHÜBIC ACIP, 
CBENIC ACID and APOCRENIC A^ID. 

The analyst has, moreoyer, to examine the muddy ochreous or 
hard sinter-deposits of the spring for absenious agid, absbnic acid,, 
OXIDE of coppeb, OXIDE OF LEAD, and the oxides of other heavy 
metals. The greatest care is required in this examination, to ascer- 
tain whether these oxides come really from the water, and do 
not proceed from metal pipes, stopcöcks, &c.* The absolute puritj 
of the reagents employed in these delicate investigations must also 
be ascertained with the greatest care. 

1. EXAMINATION OF THE WaTER. 

a, Operations at the Spbing. 

§ 210. 

1. Filter the water at the spring, if not perfectly clear, through 245 
Swedish filter paper, and collect the ültrate in la^ge bottles with 
glass ßtoppers. The Sediment remaining on the filter, which oon- 
tains, besides the flocculent matter suspended in the water, also 
those constituents which separate at once npon Coming in contact 
with the air (hydrate of sesquioxide of iron, and Compounds of ses- 
quioxide of iron with phosphoric acid, silicic acid, arsenic acid), is 
taken to the laboratory, to be exsunined afterwards according to the 
directions of § 212. 

2. The presence of free garbonio agid is usually sufficiently 246 
visible to the eye. However, to convince yourself by positive re- 
actions, test the water with fresh-prepared Solution of Utmus, and 
with lime- water. If carbonic acid is pi-esent, the fbrmer acquires a 
wine-rred color ; the latter produces turbidity, which must disappear 
again upon addition of the mineral water in excess, 

3. Free hydrosülphurig agid is most readily detected by the 247 
smell. For this purpose half fiU a bettle with the mineral water, 
Cover with the band, shake, take off the hand, and smell the bottle. 

In this way distinct traces of hydrosulphuric acid are often found, 
which would escape detection by reagents. However, if you wish 
to have some visible reactions, £11 a large white bottle with the 
water, add a few drqps of Solution of acetate of lead in Solution of 
soda, place the bottle pn a white surface, and look in at the top, to 

* Comi>aro ** ChemUche Untersuchung der wichtigsten Mineralwasser des Herzogthums 
Nassau," von Professor Dr. Fresenius ; I. Der Kochbrunnen zu Wiesbaden ; II. Die 
Mineralquellen zu Ems ; III. die Quellen zu Schlangenbad ; lY. die Quellen zu Langen- 
BchwalbadiL ; published at Wiesbaden, by Kriedel un4 Niedner, 1850-1855. 



236 ANALYSIS OP MINERAL WATEB8. [§211. 

See whether the water acquires a brownish color or deposits a 
blackish precipitate ;— or half fill a large bottle with the water, and 
close with a cork to which is attached a small slip of paper, pre- 
viously steeped in Solution of acetate of lead and then moistened 
with a little Solution of carbonate of ammonia ; shake the bottle 
gently from time to time, and observe whether the paper slip 
acquires a brownish tint in the course of a few hours. If the 
addition of the Solution of acetate of lead to the water has im- 
parted a brown color to the fluid or produced a precipitate in it, 
whilst the reaction with the paper slip gives no result, this indi- 
cates that the water contains an alkaline sulphide, but no free 
hydrosulphuric acid. • 

4. Mix a wineglass-full of the water with some tannic acid, 248 
another wineglass-full with some gallic acid. If the former imparts 
a blue violet, the latter a red violet color to the water, pbotoxidb 
OP IRON is present. Instead of the two acids, you may employ in- 
fusion of gails, which contains them both. 

5. Operations in the Laboratory. 

§ 211. 

As it is always desirable to obtain even in the qualitative exami- 
nation some Information as to the quantitative composition of a 
mineral water, t. 6. as to the proportions in which the several consti- 
tuents are contained in it, it is advisable to analyze a comparatively 
small portion for the priiicipal constituents, and to ascertain, as hr 
as may be practicable, the relative proportions in which these 
constituents exist, and thus to determine the character of the 
water ; and then to examine a very large amount of the water for 
those Clements which are present only in minute quantities. For 
this purpose proceed as follows : — 

1. Examin ATiON por those constituents op the water which 249 
ARE present in larger QUANTITIES. — Boil about Slbs. of the 
clear water, or of the fll träte, brought from the spring, in a glass 
flask for l hour, taking care, however, to add from time to time 
some distilled water, that the quantity of liquid may remain un- 
diminished, and thus the Separation of auy but those salts be pre- 
vented which owe their Solution to the presence and agency of 
carbonic acid. Filter afber an hour's ebullition, and examine the 
precipitate and the flltrate as directed § 208. 

2. EXAMINATION POR THOSE FIXED CONSTITUENTS OP THE WATER 250 
WHICH ARE PRESENT IN MINUTE QUANTITIES ONLY. — Evaporate a 

large quantity (at least 20 Ibs.) of the water in a silver or porce- 
lain dish to dryness ; conduct this Operation with the most 
scrupulous cleanliness in a place as free as possible from dust. If 
the water contains no carbonate of an alkali, add pure carbonate of 
potassa to slight predominance. The process of evaporation may 
be conducted in the flrst place over a gas-lamp, but ultimately the 
sand-bath must be employed. Heat the dry mass to very feiint 
redness ; if in a silver dish, you may at once proceed to ignite it ; 
but if you have it in a porcelain dish, flrst transfer it to a silver 
or plaünum vessel before proceeding to ignition. If the mass 
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turns black in this process, oroanic matters may be assumed to 
be present.* 

Mix the residue thoroughly, that it may have the same composi- 
tion throughout, and then divide it into 3 portions, one (c) amount- 
ing to about one-half, and each of the other two (a and b) to one- 
fourth. 

a. EXAMINATION FOR IRON, PHOSPHORIC ACID (aRSENIC 

acid). 

Warm the portion a with some water, add perfectly pure 251 
hydrochloric acid in moderate excess, digest for some time at a 
temperature near the boiling point, filter through paper 
washed with hydrochloric acid and water, and test. 

n. A sample for iron, by means of sulphocyanide of 
potassium. 

ß, Treat the remainder with hydrosulphuric acid, let the 
fluid saturated with thab acid stand for twenty-four hours, 
Alter from the separated sulphur, concentrate the filtrate by 
boiling, and test it with molybdate of ammonia for phos- 

PHORIC ACID. 

y. If the sulphur deposited in )3 is not perfectly white, 
treat it as directed § 212, 1, a, a (263)> in order to detect the 
arsenic, copper, &c., which may be present. 

6. EXAMINATION PCR PLÜORINE. 

Heat the portion b with water, add chloride of calcium as 252 
long as a precipitate continues to form, let deposit ; Alter the 
fluid from the precipitate, which consists chiefly of carbonate 
of lime and carbonate of magnesia. After having washed and 
dried the precipitate, ignite, then pour water over it in a 
small dish, add acetic acid in slight excess, evaporate on the 
water-bath to dryness, heat until all smell of acetic acid has 
disappeared, add water, heat again, filter the Solution of the 
acetates of the alkaline eai*ths, wash, dry or ignite the residue, 
and test it for fluorine as directed § 147, 5. 

C. EXAMINATION FOR THE REMAINING CONSTITUENTS PRESENT 253 
IN MINUTE QUANTITIES. 

Boil the portion c repeatedly with water, filter, and wash 
the undissolved residue with boiling water. You have now a 
residue (a), and a Solution (ß), 

a. The residue consists chiefly of carbonate of lime, car- 254 
bonate of magnesia, and — in the case of chalybeate Springs 
— hydrate of sesquioxide of iron. But it may contain also 
minute quantities of baryta ,strontia, alumina, and prot- 
oxiDE OF manganese, and must accordingly be examined for 
these substances. 

Put the residue in a platinum or porcelain dish, pour 
water over it, add hydrochloric acid to slightly acid reaction, 
then 4 or 5 drops of dilute sulphuric acid, evaporate to 
dryness, moisten with hydrochloric acid, then add water^ 

• This ioference is, however, correct only if the water has been effectnally protected 
from dost dnring the process of evaporation ; if this has not been the case, and you 
yet wish to ascertain beyond doubt whether organic matters are present, evaporate a sepa- 
rate portion of the water in a retort. If you find organic matter, and wish to know 
whether it consists of crenic acid or of apocrenic acid, treat a portion of the residae 
as directed § 212, 3. 
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warm gently, filter, and wash the residne whioh is lefb un- 
dissolved. 

aa, EXAMINATION OP THE RESIDUE INSOLTJBLE TN HY- 255 
I>HOOHLORIO ACID POR BARYTA AND 8TR0NTIA. 

This residue will generallj consist of sLlicio acid ; bat it 
may contain also sulphates of the alkaline earths and 
OEtf bon. If there is much silicic acid present, remove 
this in the first place, as far as practicable, by boiling with 
dilate Solution of soda ; filter, wash the residne, if any 
has been left, dry, incinerate the filter in a platinnm 
cruoible, add some carbonate of soda and potassa and, in 
presence of carbon, some nitrate of potassa, and ignite 
for some time. If the residue contains but little 
silicic acid, the treatment with Solution of soda may be 
omitted, and the fusion with carbonate of potassa and 
soda, &a, at once proceeded with. Boil the fused mass 
with water, filter, wash thoroughly, dissolve the residue 
(whieh must have been lefb, if sulphates of the alkaline 
earths were present) on the filter in the least possible 
quantity of dilute hydrochloric acid, add an equal volume 
of spirit of wine, then some pure hydrofiuosilicic acid, 
and let the mixture stand 12 hours. If in the course or 
at the end of the 12 hours a precipitate makes its ap- 
pearance, this denotes the presence of bartta. Filter, and 
warm the filtrate in a platinnm dish, adding from time 
to time some water, until the spirit of wine is quite 
driven off. Mix the fluid now with satürated Solu- 
tion of sulphate of lime. If this produces a precipitate, 
whether i^r some time or afber several hours' standing, 
this precipitate consists of sulphate of strontia. To 
make quite sure, examine it before the blowpipe (see 
§ 95, 7). 

hb, ExAMINATION OP the hydrochloric acid SOLU- 256 
TION POR PROTOXIDE OP MANGANESE and ALUMINA. 

Mix the Solution in a flask with some pure chloride of 
ammonium, add ammonia until the fluid is just tuming 
alkaline, then some yellow sulphide of ammonium, close 
the flask, and let it stand for 12 hours in a moderately 
warm place. If a precipitate has formed at the end of 
that time, filter, dissolve the precipitate in hydrochloric acid, 
boil, add Solution of potassa (§ 30, c) in excess, boil again, 
filter, and test the filtrate for alumina ;* the residue with 
carbonate of soda before the blowpipe for hanoanese. 
ß, The alkaline Solution contains the salts of the alkalies, 257 
and usually also magnesia and traces of lime. You have to 
examine it now for nitric ACiD,t boracic acid, iodine. 



• 



You are not justified' in regarding this substance as an ingredient of the water, 
ezcept in cases where the process of evaporation has been conducted in a platinum or silver 
dish, but not in a porcelain dish. 

+ The nitric acid originally present may have been destroyed by the ignition of the 
residue in § 211, 2 (260)> if the latter contained organic matter. If you have reason 
to fear that such has been the case, and you have not already found nitric acid in 
\ 211, 1, examme a larger portion of non-ignited residue for that acid, aeoording to the 
directions of § 211, 2, c, ft aa (268). 
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BBOMiNE, and UTHiA. Evaporate the fluid until MgMy 
concentrated, let it cool, and place the dish in a slanting 
Position, that the small quantity of liquid maj separate 
from the saline mass ; pour a few drops of the conoentrated 
Solution in a watch-glass, acidify vciy slightly with hy- 
drochloric acid, and test with turmeiic paper for bobacic 
ACID. Pour hack into the dish the remainder of the liquid, 
of which you have just tested a few drops, evaporate, 
with stirring, to perfeot dryness, and divido the reeiduary 
powder into 2 portions, one (oa) of two-thirds, the other (f>h) 
of one-third. 

aa. ExAioNE the largee Portion for nitric acid, 258 

lODINE, AND BROMINE. 

Put the powder into a flask, pour pure spirit of wine of 
90 per Cent, over it, boil on the water bath, and filter 
hot ; repeat the same Operation a secondand aihird time. 
Mix the alcoholic extract with a few drops of Solution of 
potassa, distil the Sprit of wine off towithina small quantity, 
and let cool. If minute crystals separate, these may con- 
sist of nitrate of potassa ; pour off the fluid, wash the 
crystals with some spirit of wine, dissolve them in a very 
little water, and test the Solution for nitric acid, best 
by means of brucia (§ 159, 8). Evaporate the alcoholic 
Solution now to drjmess. If you have not yet found 
nitric acid, dissolve a small portion of the residue in 
a very little water, and examine the Solution for that 
acid. Treat the remainder of the residue or, if it 
has been unnecessary to search for nitric acid, the entire 
residue, three times with warm alcohol, Alter, evaporate 
the flltrate to dryness, dissolve the residue in a very little 
water, add some starch-paste, acidify slightly with sul- 
phuric acid, and test for iodine by adding some nitrite of 
potassa in Solution, or a drop of Solution of hyponitric 
acid in sulphuric acid. Afber having carefuUy observed 
the reactions, test the same fluid for bromine with 
ether and chlorine water in the manner described in 
§ 157. 

hb, EXAHINE the SMALLER PORTION FOR LITHIA. 

Warm the smaller portion of the residue, which, 259 
if lithia is present, must contain that alkali as car- 
bonate or phosphate, with water, add hydrochloric acid to 
distinctly acid reaction, evaporate nea/rly to dryness, and 
then mix with pure spirit of wine of 90 per cent., 
which will separate the greater portion of the chloride 
of sodium, a,nd give all the lithia in the alcoholic Solu- 
tion. Drive off the alcohol by evaporation, dissolve the 
residue in water mixed with a few drops of hydrochloric 
acid, add a little sesquichloride of iron, then ammonia 
in sliglU excess, and a small quantity of Oxalate of ammonia, 
and let the mixture stand for some time ; then filter off the 
fluid, which is now entirely free from phosphoric acid and 
lime ; evaporate the flltrate to dryness, and gently ignite 
the residue, until the salts of ammonia are expelled; 
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treat the residue with some chlorine water (to remove the 
iodine and bromine) and a few drops of hydrochloric acid, 
and evaporate to dr^mess ; add a little water and (to remove 
the magnesia) some finely divided oxide of mercury, eva- 
porate to drjness, and gently ignite the residue, nntil the 
Chloride of mercury is completely driven off ; treat the 
residue now with a mixture of absolute alcohol and anhy- 
drous ether, filter the Solution obtained, concentrate the 
filtrate by evaporation, and set fire to the alcohol. If it 
bums with a carmine flame, lithia is present. By way 
of confirmation, convert the lithia found into phosphate 

of LITHIA.* 

3. If you have not yet clearly detected ammonia in 1 (249)» add 260 
to a large quantity of the water hydrochloric acid to acid reaction, 
and concentrate the fluid considerably by boiling in a retort. Add 
now, through the tubtdar neck of the retort, an excess of milk of 
lime, made with recently calcined hydrate of lime, boil, and conduct 
the vapor into a flask containing very dilute hydrochloric acid, 
which is kept cool by surrounding it with ice or with very cold 
water ; evaporate the Contents almost to dryness, and then 
test for ammonia with hydrate of lime or with bichloride of 
platinum. 

2. EXAMINATION OF THE SiNTER-DePOSIT. 

§212. 

1. Free the ochreous or sinter-deposit from impurities, by picking, 261 
sifting, elutriation, &c., and from the soluble salts adhering to it, by 
washing with water; digest a large quantity (about 200 grammes) 
of the residue with water and hydrochloric acid (effervescence : 
CARBONic acid) uutil tlie soluble part is completely dissolved ; dilute, 
cool, filter, and wash the residue. 

a. Exa/ndnation of the filtrate, 

a. Saturate the larger portion of the filtrate nearly with 262 
carbonate of soda, add a few drops of dilute sulphuric 
acid, and let the mixture stand for 24 hours at a gentle 
heat. If a precipitate is found to have fonned afber this 
time, filter, wash the precipitate, pour hydrosulphuric acid 
over it, that you may not overlook the possible presence of 
sulphate of lead, and test for baryta and strontia as directed 
§ 211, 2, c, a, aa (255)- Boil the fluid filtered from this 
precipitate with sulphite of soda — if necessary, with addi- 
tion of some hydrochloric acid, as the fluid must always 
remain acid — to reduce the sesquioxide of iron to protoxide, 
and the arsenic acid, which may be preseÄt, to arsenious 
acid ; heat finally, until all sulphurous acid is expelled, and 
conduct for some hours a slow stream of washed hydrosul- 
phuric acid gas into the fluid ; let the latter now stand in 
a moderately warm place, imtil the smell of hydrosulphuric 
acid has become quite faint. If a precipitate has formed, 263 

* The precipitate designated in § 92 as phosphate of soda and lithia, is 3 Li 0, F 0, 
(Mayer, "Annal. d. Chem. u. Pharm.," 98, 193). 



212.] ANALYSTS OF MINERAL WATERS. 241 

filter, waali, and digest with dilute Solution of soda and 
some sulphide of sodium ; £lter, and mix the filtrate with 
hydrochloric acid to acid reaction. If a precipitate is pro- 
duced, test, — 

a, A portion of it for arsenic, with Cyanide of potas- 
sium and carbonate of soda in a stream of carbonic acid. 

b, Treat the remainder as directed § 190, that traces 
of ANTIMON Y and TIN, which may be present, may not 
be overlooked. 

If a residue has been lefb upon treating the precipitate 264 
produced by hydrosulphuric acid with Solution of soda and 
sulphide of sodium, boil it, together with the filter, with a 
very little dilute nitric acid, filter, wash, and examine 
the Contents of the filter, as directed in § 212, a, a (262)> 
for sulphate of lead, sulphate of baryta, and sulphate 
of strontia (the two latter salts are more soluble in Solution 
of sesquichloride of iron than in Solution of protochloride 
of iron. Mix the filtrate (the nitric acid Solution) with 
some pure sulphuric acid, evaporate on the water-bath to 
dryness, and treat the residue *with water. If this leaves 
an undissolved residue, the latter consists of sulphate of 
LEAD. To mske quite sure, filter, wash the residue, treat 
it with hydrosulphuric acid water, and observe whether 
that reagent imparts a black color to it. Test the fluid fil- 
tered from the sulphate of lead which may have separated, 
a with ammonia, b with ferrocyanide of potassium, for 

COPPER. 

Of the fluid filtered from the precipitate produced by 265 
hydrosulphuric acid, examine in the first place, afber having 
expelled the hydrosulphuric acid by boiliug, a portion with 
molybdate of ammonia for phosphoric acid; mix the 
remainder in a flask with chloride of ammonium, ammonia, 
and yellowish sulphide of ammonium, close the flask, and 
let it stand in a moderately warm place until the fluid 
above the precipitate looks no longer greenish, but yellow ; 
filter, and wash the precipitate with water to which some 
sulphide of ammonium has been added. Dissolve the washed 
precipitate in hydrochloric acid, separate the siucic acid by 
evaporation, moisten the residue with hydrochloric acid, add 
water, warm, and test the Solution for alumina, iron, man- 
GANESE, and ziNC, according to the directions of § 192, 1. 
Examine now the fluid filtered from the precipitate pro- 
duced by sulphide of ammonium, for lime and Magnesia 
in the usual way. 

ß. Mix a portion of the hydrochloric acid Solution with 
chloride of barium, and let the mixture stand 12 hours 
in a warm place. The formation of a white precipitate indi- 
cates the presence of sulphuric acid. 
b. Uxamination ofthe residue, 

This consists usually of silicic acid, clay, and organic mat- 266 
ters, but it may also contain sulphate of baryta and sulphate 
of strontia. Boil in the first place with Solution of soda or 
potassa, to dissolve the siucic acid; then fusö the residue ' * 

I. B 
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with carbonate of soda and potasaa, and a little nitrate of 
potassa. Boil the mass, wash the residue, and tken dissolve 
it in some hydrochloric acid ; boil the Solution^, add ammonia, 
filter the fluid from the alüiiina, &c., which may precipitate, 
evaporate the filtrate to dryness, gentlj ignite the re«dae, re- 
dissolve it in verj little water, with addition a£, a dlrop of 
hydrochloric add, and test fbr bartll and stbojstul as directed 

§ 211, 2, c, o, oa (255). 

2. As regards the examination for fluosine, the best way' is to 267 
take for this purpose a sepainte portion of the ochreous or sinter- 
deposit. Ignite (which Operation will also reveal the presence of 
organic matters), stir with water, add acetic acid to acid reaction, 
evaporate until the acetic acid is completely expelled, and proceed as 
described in § 211, 2, b (252)- 

3. Boil the ochreous or sdnter-deposit fbr a consideraHe time wdth 268 
concentrated Solution of potassa or soda, and filter. 

a. Acidify a portiou of the flltrate with acetic acid, add 
ammonia» let the mixture stand 12 hours, and then filter 
the fluid from the precipitate of alumlna and hydrated silicic 
add, which usually forms; again add acetic acid to acid 
reaction, and. then a Solution of neutral acetate of copper. 
If a brownish predpitate is formed, this consiBts of apo* 
CBENATE of copper. Mix the fluid filtered from ihe predpitate 
with carbonate of ammonia, until the green color ha» changed 
to blue, and warm. If a bluish-green predpitate is produeed, 
this consists of cbenate of copper. 

h. If you have detected arsenic, use the remainder of the 
alkaline fluid to ascertain whether the arsenic existed in the 
sinter as arsenious add or as arsenic acid. Compare § 133, 6. 

IV. Akalysis of Soils. 

§ 213. 

Soils must necessarily contain all the constituents which are found 
in the plants growing upon them, with the exception of those sup- 
plied by the atmosphere and the rain. When we flnd, therefore, a 
plant the constituent Clements of which are known, growing in 
a certain soll, the mere &ct of its growing there gives us some 
insight into the composition of that soil, and may accord- 
ingly save us, to some extent^ the trouble of a qualitative 
analysis. 

Viewed in this light, it would appear quite superfluous to make 
a qualitative analysis of soils still capable of producing plants ; for 
it is well known that the ashes of {^ants contain almost invariably 
the same constituents, and the diflerences between them are oaused 
principally by diflerences in the relative proportions in which the 
several constituents are present. But if, in the qualitative analysis 
of a soil, regard is had also — ^in so far as may be done by a simple 
estimation — to the quantitie» and proportions of the several con- 
'dtituent ingredients, and to the State and condition in which they 
are found to be present in the soil, an analyds of the kind, if com- 
bined with an examination of the physical propertiss of the sei], 
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and ft mechanical Separation of its component parts,* may give 
most nsefiil Tesolts, enabHng the analjst to judge snfficiently 
of the cohdition of the soil, to supersede the neceasity of a qv^om- 
tUatwe 'analysi9> whidh would require much time, and is a f ar more 
difficult task. 

As plants can only absorb sttbätances in a State of Solution, it is 
a matter of especial importance, in the qualitative analjsis of a soil^ 
to kno^it^ which are the constituents that are sdluble in water ; which 
those fhat Tequire an acid for their Solution (in nature principälly 
carboüic aoid) ; and, finally, which those that are neither soluble in 
wat^r nor in acids^ and are not, aocordingly, in a position for the 
time being to afford nutriment to the plant. With regard to the 
insoluble substances, another interesting qüestion to answer iö, 
whether they suffer disintegration readily, or slowly and with diffi- 
culty, or whether they altogether resist the aotion of disintegrating 
ageneies ; and also what are the products which they yield upon 
their disintegratian^f 

In the analysis of «oüs, the eonstituenfcs soluble in water, those 
soluble in acids, and the insoluble constituents must be examined 
separately. The examination of the oi^anic portion also demands 
a separate process. 

The analysis is therefore pröperly divided into the following four 
parts : 

1. Freparaivon und JSxaminaHon of the Aque&u» EKtract, 

§ iu. 

About two pounds (1000 grammes) of the air-dried soil are nsed 269 
for the preparation of the aqueous extract. To prepare this ex- 
tract quite clear is a matter of some difficulty ; in following the 
usual course, viz., digesting or boiling the earth with water, and then 
filtering, the fine particles of clay are speedily found to impede the 
oper^on, by choking up the pores of tähe filter ; they also almost 
invariably render the ül träte turbid, at least the portion which passes 
through first. I have fotmd the following method the most practical. j: 
Close the neck of several middle-sized funnels with small filters of 
coarse blotting paper, meisten the paper, press it close to the sides 
of the funnels, and then introduce the air-dried soil, in «mall lumps 
ranging from the size of a pea to that of a walnitt, but not pulverized 
or even crushed ; fiU the funnels with the soil to the extent of 
about two-thirds. Potir distilled water into thein, in sufBcient 
quantity to coveT the soil ; if the first portion of the filtrate is 
turbi'd, pour it back on the filter. Let the Operation proceed 
quietüy. When the first quantity of the fluid bas passed, fill the 

* ^ith regard to the mechanical separatio^ of the coikiponent parte of a soil, and the 
examination of its physical propeiües and ohemical condition, compare Fr. Schulzens 
paper *' Anleitung zur Untersuchung der Ackererden auf ihre wichtigsten physikaUschen 
Eigenschaften und Bestandtheile."— -Journal f. prakt. Chemie, Vol. 47, p. 241, 

+ For more ample information on this subject I refer the resuäer io Fresenius' ** Chemie 
für Landwirthe, Forstmänner und Cameralisten ;" puhlished at Brunswick, by F. Vieweg 
änd Son, 1847, p. 485. 

t Hecommended byi<V. Schulze ** Anleitung zur Untersuchung der Ackererden auf ihre 
wichtigsten physikalischen Eigenschaften und Bestandtheile."— ^ouni. f. prakt. dhemie. 
Vol. 47, p. 241, 

B 2 
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funriels a second, and after tliis a third time. Collect the several fil- 
trates in one vessel. Treat the conteuts of one of the funnels repeatedly 
with hot water, in order to remove the soluble matter as £Eir as 
practicable, the lixiviated soil being required for the preparation of 
the acid extract. 

a. Concentrate two-thirds of the aqneous Solution by cau- 270 
tiously evaporating in a porcelain dish, filter off a portion, and 
test its reaotion ; put aside a portion of the filtrate for the 
Bubsequent examination for organic matters, according to the 
directions of 4. Warm the remainder, and add nitric acid. 
Evolution of gas indicates the presence of an alkaline car- 
BONATE. Then test with nitrate of silver for chlorine. b, 
Transfer the remainder of the conceutrated fluid, together with 
the precipitate which usually form» in the process of concen- 
tration, to a small porcelain, or, which is preferable, a small 
platinum dish, evaporate to dryuess, and cautiously heat the 
brownish residue over the lamp until complete destruction of 
the organic matter is eflected. In presence of Nitrates this 
Operation is attended with deflagration, which is more or less 
violent according to the greater or smaller proportion in which 
these salts are present. c. Test a small j^ortion of the gently 
ignited residue with carbonate of soda before the blowpipe for 
MANGANESE. d. Warm the remainder with water, add some 
hydrochloric acid (effervescence indicates the presence of car- 
BONic acid), evaporate to dryness, heat a little more strongly, to 
eflect the complete Separation of the silicic acid, meisten with 
hydrochloric acid, add water, warm, and filter. The washed 
residue generally contains some carbon, and also a little clay — 
if the aqueous extract was not perfectly clear — and lastly siucio 
acid. To detect the latter, make a hole in the point of the 
Alter, rinse the residue through, boil with Solution of carbonate 
of soda, Alter, saturate with hydrochloric acid, evaporate to 
dryness, and treat the residue with water, which will leave the 
silicic acid undissolved. 

6. Test a small portion of the hydrochloric acid Solution 271 
with Chloride of barium for sülphüric acid ; another portion 
with molybdate of ammonia for phosphoric acid ; a third por- 
tion with sulphocyanide of potassium for sesquioxide of 
IRON. Add to the remainder a few drops of sesquichloride of 
iron (to remove the phosphoric acid), then ammonia cautiously 
until the fluid is slightly alkaline, warm a little, Alter, throw 
down the like from the Altrate by means of Oxalate of am- 
monia, and proceed for the detection of Magnesia, potassa, and 
SODA, in the usual way, strictly according to the directions of 
§194. 

/. Alumina is not likely to be found in the aqueous extract. 272 
(Fr. Schvize never found any). However, if you wish to test 
for it, boil the ammonia precipitate obtained in e (271) 
with pure Solution of soda or potassa, Alter, and test the Al- 
trate with Chloride of ammonium. 

g. If you have detected iron, test a portion of the remaining 273 
third of the aqueous extract with ferricyanide of potassium, 
another with sulphocyanide of potassium, both after previous 



§§ 215, 216.] AXALTSIS OF SOILS. 245 

addition of some hydrochloric acid : this will indicate the degree 
of oxidatiou in which the iron is present. Mix the remainder 
of the aqueous extract with a little sulphuric acid, evaporate 
on the water-bath nearly to dryness, and test the residue for 
AMMONIA^ by adding hydrate of lime. 

2. Freparation and Examinalion ofthe Acid Extract, 

§ 215. 

1. Heat about 50 grammes of the soil from which the part soluble 274 
in water — ^both cold and hot — has been removed aa far as prac- 
ticable* (see § 214), with moderately strong hydrochloric acid 
(effervescence indicates carbonic acid) for several hoiirs on the 
water-bath, filber, and make the following experiments with the 
filtrate, which, owing to the presence of sesquichloride of iron, 

has in most cases a yellow color : — 

Test a small portion of it with sulphocyanide of potassium for 275 
SESQuioxiDE op IRON, another with ferrocyanide of potassium for 

PROTOXIDE OP IRON. 

2. Test a small portion with chloride of barium for sulphuric 
ACID, another with molybdate of ammonia for phosphoric acid. 

3. Mix a larger portion of the filtrate with ammonia to neutra- 276 
lize the free acid, then with yellowish sulphide of ammonium; 
and let the mixture stand in a warm place until the fluid looks 
yellow; then Alter, and test the filtrate in the usual way for lime, 

MAGNESIA, POTASSA, AND SODA. 

4. Dissolve the precipitate obtained in 3 (276)> ^^ hydrochloric 277 
acid, evaporate the Solution to dryness, moisten the residue with 
hydrochloric acid, add water, warm, filter, and examine the filtrate 
according to the directions of § 192, 2 (150)» for iron, manganese, 
ALUMINA, and, if necessary, also for lime and magnesia, which may 
have been thrown down by the sulphide of ammonium, in combina- 
tion with phosphoric acid. 

5. The separated siucic acid obtained in 4 is usually colored 
by organic matter. It must, therefore, be ignited to obtain it pure. 

6. If it is a matter of interest to ascertain whether the hydi'o- 278 
chloric acid extract contains arsenic acid, oxidb dp copper, &c., 
treat the remainder of the Solution first with sulphite of soda, 
then with hydrosulphuric acid, as directed in § 223, 1, and 2. 

7. Should you wish to look for pluorine, ignite a fresh portion 
of the earth, and then proceed according to the directions of § 205. 

3 (230). 

3. JSxamination ofthe Inorga/nie Constituenta inaolvhle in Water 

amd Acids, 

§ 216. 

The Operation of heating the lixiviated soil with hydrochloric 279 
acid (§215 [274]) leaves still the greater portion of it undissolved. 
If you wish to subject this undissolved residue to a chemical exami- 

* Complete lixiviation is generally impracticable. 
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nation, wash, dry, and sifb, to Beparate the large and small stonea 
from the claj and sand j moreover, separate the twQ latter from 
each otber by elutriation. Subjecti tb« aevend povtioim to tbe aiuM- 
lytical procesa glTen for tbe Silicates (§ 203)* 

4. Examination qfthe Organie ConHüuents qfthe SM.* 

§217. 

Tbe organie constituents of tbe soil, wbicb exercise so great an 
influence upon its fertility, both by their pbysical and obemical 
action, are partly portions of plante in wbicb tbe structure may still 
be reoognised (fragments of straw, roots, seeds of weeds, <Ssc.), piirtly 
products of y^table deoomposition, wbicb are usoally oalled' by the 
general name of humus, bat difier in their oonstituent elements andj 
properties, according to whether they resnlt from tbe decay of tba 
nitrogenous or non-nitrogenous parts of plants — ^whether alkalies.or 
alkaline earths have or have not bad a share in theb fprmation-^ 
whether they are in the incipient or in a more. advjinced stage of 
decomposition. To separate tbese several component parts.of bumns 
would be an exceedmgly difficult task, whiob, moreovw, would 
bardly repay the trouble ; the following Operations are amply sufiir. 
cient to answer all the purposes of a quieditative analysis of the 
organie constituents of a soiL 

a. Meammation qfthe Organie Substances adutH^ in Water. 

Evaporate Oie portion of the filtrate of 214, a (270)> which ha? 260 
been put aside for. the purpose of examining the organie constituents^ 
on the water^baih to perfect dryness, and treat the residue -vfith 
water. The ulmic, humic, and geic acids, which were in the sol^:^ 
tion in combination with bases^ remain undissolved, wbilst cretiic. 
acid and apocrenic acid are dissolved in combination with ammonia ; 
for the manner of detecting the latter acids, se^ § 212, 3 (268)* 

b. Treatment vnth an Älkaline Garbonate. 

Dry. si, portioi^ of the lixiyiated soil, and sift to separa^te the 283^ 
Augments of straw, roots^ <&c., togethen with the small stones, firom 
the finer parts; digest the latter for several hours, at a tem- 
perature of 176° — 194° F., with Solution of carbonate of goda, and 
filier. Mix the filti^ate with hydrochloric apid to acid reaction. Xf 
brown flakes separate, tbese proceed from ulmic acid, humic acid, or 
geic acid. The larger the quantity of ulmic acid present the lighter, 
the larger that of hmnic acid or geic acid, the darker the browi^ 
color of tbe flakes. 

c, Treatment with Gauatic Alkali. 

Wash the soü boiled with Solution of carbonate of soda Q>) with ^2 
water, boil several hours with Solution of potassa, replacingthe water 

* QompMe Fresenius "Chemie für Landwirthe, Forstmänner und Cameralisten;" 
published at Brunswick, by P. Vieweg and Son, 1S47, §{ 282—28^ 
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in Proportion as it evaporates, düute, filier, and wash. Treat the 
brown fluid as in 5. The ulmio and hiimi« acids which separate 
now, are new produots resulting from the aetion of boiling Solution 
of potassa upon tke uimine and humine originally present. 

V. Detectioit op Inoeqanic Sübstakces m Fbesenge op 

Obganic Sübstakces. 

§218. 

The impediments which the presence of c(^oring, sUmy, and other 
organio substances throw in the w&j of the detection of inorganic 
bodieSy and that the latter can often be effected only after the total 
destruction of the organio admixture, will be readily conceived, if 
we reflect that in dark colored fluids changes of color or the forma- 
tion of precipitates esct^e the eye, that slimy fiuids oannot be filtered, 
&c Now, as these di£&culties are very ofben *met with in the ana- 
lysis of medicinal substances, and more especially in the detection of 
inorganic poisons in articles of food or in the Contents of the stomach, 
and, lasüy, ako in the examination of plants and animals, or parts 
of them, for their inorganic constituents, I will here poiat out the 
processes best adapted to lead to the attainment of the object in 
Tiew, both in the general way and in special cases. 

1. Generdl Rrdeafor the Betedion of Inorganic Substances in Presence of 
Organic Matters, which hy tJieir Color, Consistence, doc, impede the 
Application of the Eeagents, or obscure the Beaetions produced, 

§ 219. 

We confine ourselves here, of course, to the description of the 
most generally s^plioable methods, leaving the adaptation of the 
'modifications whidbi circumstances may require in special oases, to 
the discretiou of the analyst. 

1. The substance ünder examination dissolves in wateb, büt 283 
the solution is dark colored or op slimy consistence. 

a. Boil a portion of the Solution with hydrochloric aoid, and 
gradually add chlorate of potassa, until the xnixture is decolor- 
ized and perfectly fluid ; heat until it no longer exhales 
the odor of chlorine, then dilute with water, and filter. Ex- 
amine the filtrate in the usual way, commencing with § 188. 
Compare also § 223. 

b. Boil another portion of the Solution for some time with 
nitric acid, Alter, and test the filtrate for silver, potassa, and 
HYDROCHLORIC ACID. If the nitric acid succeeds in efiecting 
the ready and complete destruction of the coloring and sllmy 
matters, «bc, this method is often altogether preferable to all 
others. 

c. Alumina and sesquioxide op chromium might escape de- 
tection by this method, because ammonia and sulphide of am- 
monium fail to precipitate these oxides from fluids containing 
non-volatile organic substances. Should you have reason to 
suspect the presence of these oxides, deflagrate a third portion 
of the substance with nitrate of potassa and some carbonate of 



24S DETECTIOX OF INORGAXIC POISOHS. [§ 220. 

goda, and boil the fused mass with 8oluti(m of soda. Tbe 
alumina is now found hj acidifying with nitric add, and 
then adding ammonia ; tbe chromium — as alkaline Chromate-^ 
in the filtrate, by means of acetate of lead, after addition of 
acetic acid. 

2. BOILING WATEB FAILS TO DISSOLYE THE SITBSTASCE, OB EFFECTS 281 
ONLY PARTIAL SOLUTION ; THE FLUID ADIOTS OF FDLTRATIOX. 

Filter, and treat the filtrate either as directed § 187, or, sboiild it 
reqiiire decolorization, according to the directions of § 219, 1. The 
residue inay be of various kinds. 

a. It IS FATTY. Remove the fatiy matters hj means of 
ether, and should a residne be left, treat this as durected § 173. 

b. It IS RESINOUS. Ilse alcohol instead of ether, or applj 
both liquids successively. 

c. It 18 OF A DiFFERENT NATURE, c.^., woody fibre, &c. 

a. Dry, and ignite a portion of Üie dried residue in a porce- 
lain or platinum vessel, nntil total or partial incineration 
is effected ; boil the residue with nitric acid and water, and 
examine the Solution as directed § 187, III. (109) > ^ & 
residue has been lefb, treat this according to the directions 
of§201. 

ß. Examine another portion for the heavy metals, in the 
manner directed § 219, 1, a ; since in a, besides the Com- 
pounds of mercury which may be present, arsenic, cadmitun, 
zinc, &c., may volatilize. 

y. Test the remainder for ammonia, by triturating it 
together with hydrate of lime. 
3. The substance does not abmit of Filtration or any other 285 

MEANS OF SEPARATING THE DI8S0LVED FROH THE ÜNDISSOLVED PART. 

Treat the substance in the same manner as the residue in 2. As 
regards the charred mass (2 a), it is often desirable to boil the 
mass, carbonized at a gentle heat, with water, filter, examine 
the fil träte, wash the residue, incinerate it, and examine the 
ash. 

2. Detection of Inorgcmic Foisona in Articles of Food, in Dead 
Bodies, d'c, in Chemico-legal Cases,* 

§220. 

The chemist is sometimes called upon to examine an article of 286 
food, the Contents of the stomach of an individual, a dead body, Ac, 
with a view to detect the presence of some poison, and thus to esta- 
blish the fact of a wilful or accidental poisoning ; but it is more fre- 
quently the case that the question put to him is of a less general 
nature, and that he is called upon to determine whether a certain 
substance placed before him contains a metallic poison ; or, more 
pointedly still, whether it contains arsenic, or hydrocyanic acid, 
or some other particular poison — as it may be that the Symptoms 

* Gompare : a. Fresenius, *'die Stellang des Chemikers bei gerichtlich chemiscben 
Untersuchungen," &c. (Annal. der Chemie und Pharm. 49, 275) ; and b. Fresenitu and 
V. Babo's ** Abhandlung über ein neues, unter allen Umständen sicheres Verfahren zur 
Ausmittelung und quantitativen Bestimmung des Arsens bei Yergiftungsfällen." — ^Annal. 
der Chemie und Pharmacie, 49, 287. 
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point olearly in the direction of that poison, or that the examining 
magistrate has^ or believes he has, some other reason to put this 
question. 

It is obVious that the task of the chemist will be the easier, the 
more special and pointed the question which is put to him. How- 
ever, the analyst will always act most wisely, even in cases where he 
is simply requested to state whether a certcdn poison, e. g, arsenic, is 
present or not, if he adopts a course of proceeding which will not 
only permit the detection of the one poison specially named, the 
presence of which may perhaps be suspected on insufficient grounds, 
but will moreover inform, him as to the presence or absence of other 
similar poisons. 

But we must not go too far in this direction either ; if we were 
to attempt to devise a method that should embrace all poisons, we 
might unquestioDably succeed in elaborating such a method at the 
writing-desk ; but practica! experience would but too speedily con- 
vince us that the intricate complexity inseparable from such a 
course, must necessarily impede the easy execution of the process, 
and impair the certainty of the results, to such an extent indeed, 
that the drawbacks would be greater than the advantages derivable 
from it. 

Moreover, the attendant circumstances permit usually at least a 
tolerably safe inference as to the group to which the poison belongs. 
Acting on these views, I give here, — 

1. A method which ensures the detection of the minutest traces 
of arsenic, allows of its quantitative determination, and permits at 
the same time the detection of all other metallic poisons. 

2. A method to effect the detection of hydrocyanic acid, which 
leaves the substance still üt to be examined both for metallic poisons 
and for vegeto-alkalies. 

3. A method to effect the detection of phosphorus, which does 
not interfere with the examination for other poisons. 

This Section does not, therefore, profess to supply a complete 
guido in every possible case or contingency of chemico-legal investi- 
gations. But the Instructions given in it are the tried and proved 
results of my own practice and experience. Moreover, they will be 
found sufficient in most ca^es, the more so as I shall append to the 
Section on the vegeto-alkalies the description of a process by which 
the detection of these latter poisons in criminal cases may be 
effected. 

I. Method für the Detection dp Arsenic (with düe Regard Td 

THE possible PrESENCE OF OTHER MeTALLIC PoISONS. 

§ 221. 

Of all metallic poisons arsenic is the most dangerous, and at the 287 
same time the one most frequently used, more particularly for the 
wilfül poisoning of others. And again, among the Compounds of 
arsenic, arsenious acid (white arsenic) occupies the first place, 
l)ecause — (1) It kills even in small doses ; (2) It does not betray 
itself, or at least very slightly, by the taste j and (3) It is but too 
readüy procurable. 
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As arseniofis acid diflsolves in water onlj sparinglj and — on 
account of the difficoltj wUh which moiatore adherea to it — veiy 
alowlj, the greater portion of the quantity swallowed exists usually 
in the body still in the undisaolyed state ; aa, moreover, the smalleat 
graina of it maj be readilj detected by means of an exoeedingly 
simple ezperiment ; and laatly, aa — no matter what opinion maj be 
entertained about the normal presence of arsenic in the bonos, &c.— ^ 
this mach is certain, that at all eireiKto argenwus aeid m graitu ar 
powder ia nevcr nonnally pvesent in the body, the particular caare 
and efibrts of the analyst ought always to be directed to the deteo- 
tion of the arsenioug acid in aub6tance^*««nd this end may iiideed 
osuaUy be attained. 

Ä. Methodfor ike JDeteetion qf undissolved Ärsenious Äcid. 

§ 222. 

1. If you haye to examine some article of food, substances re- 28ß 
jected from the stomach, or some other matter of the kind, mix the 
"whole as unifonnly as may be practiiiable, reserve one-third for 
unforeseen contingencies, and mix the other two-thirds in a porcelain 
dish with distilled water, with a stirring rod ; let the mixture stand 

a little, and then pour off the fluid, together with the lighter sus- 
pended particles, into another porcelain dish. Kepeat this latter 
Operation several times, if possible^ with the same fluid, ponring 
it from the second dish back into the flrst, (&c. Finally, wash once 
more with pure water, remove the fluid, as far as practicable, and 
try whether you can find in the dish small, white, hard grains which 
feel grit^ and grate under the glass rod. If not, proceed as directed 
§ 223. But if so, put the grains, or part of them, on blotting-paper, 
removing them from the dish with the aid of pincers, and try the 
deportment of one or several grains upon heating in a glass tube, 
and of some other grains upon ignition with a spliuter of charcoal 
(compare § 131, 11). If you obtain in the former experiment a 
white crystalline Sublimate, in the latter a lustrous arsenical mirror, 
the &ct is clearly demonstrated that the grains selected and examined 
consisted really of ärsenious acid. If you wish to determine the 
quantity of the poison, unite the Contents of both dishes, and pro* 
ceed as directed § 223. 

2. If a stomach is submitted to you for analysis, empty the Con- 
tents into a porcelain dish, turn the stomach inside out, and (a), 
search the inside coat for small, white, hard, sandy grains. The 
spots oecupicd by such grains are ofben reddened j they are also 
frequently found firmly imbedded in the membrane. {b) Mix the 
Contents in the dish uniformly, put aside one-third for unforeseen 
contingencies, and treat the other two-thirds as in 1. The same 
Qonrse is pursued also with the iutestines. In other parts of 
the body— with the exception perhaps of the pharynx and Oeso- 
phagus — ärsenious acid cannot be found in grains, if the poisou 
has been introduced through the mouth. If you have found grains 
of the kind described, examine them as directed in 1 ; if not« pro^ 
ceed according to the instructions of § 223. 
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B. Methodfor the Delection of Ärsenic m whatever Form qf Combination iC 
may exist, which aUows also a QuarUitative DetertßhicUion ofthat Poison^ 
and permits at the aame time the Detection of oiher MejUdlic JPoiaons 
tohich may he presen^.* 

§ 223. 

If you haye ft>und so arseaious aoid bj the method described in 289 
Äy e^aporate the mass m the poroelain dish, whioh has been däuted 
by washing with water (see i, 1), on the water-bath, to a pasty 
consistence» If jou have to analyze a stomaeh, intestinal tube, ^c, 
cut tkis into pieces, and add two-thirds to the mass in the dish. 

In examining other parts of the body (the lungs, liver, &e.), eut 
them also into pieoes, and use two-thirds for the analysi». The pro- 
cess is divided into the following parts.t 

Add to the matters in the porcelain dish an amount of pure 290 
{lydrochloric aoid about equal to, or somewh&t exoeeding the 
weight of the dry substances {»resent, and sufficient water to 
give to the entire mass the consistenoe of a thin paste. Heat 
the dish now on the water-bath, adding every five minutes 
about two grammes (half a dr^ekm) of chlorate of potassa to tho 
hot fluid, with stirring, and oimtinue the same c^eration until the 
Contents of the dish show a light-yellow color and a perfbctly hom<v 
geneous appearance, and are quite fluid. When this point is 
attained, addagain a portion of chlorate of potassa, and then remove 
the dish from the wateivbath. When the contents are quite cold, 
transfer them cautiously to a linen strainer or to a white filter^ 
according to the greater or less quantity of substance ; allow tho 
whole of the fluid to pass through, and put the flltrate aside. Wash 
the residue well with hot water, and diy it ; then mark it I., and 
reservC' for further examination, according to the instructions 
of § 223, 8 (303)* Evaporate the washings on the water-batb 
to about 3 or 4 oz. (about 100 grm.), add this, together with any 
precipitate that may have formed therein, to the principal fll- 
trate, and then add to the united fluid, which is stül Tery acid^ 
some Solution of sulphite of soda, with stirring, until the odor of 
sulphurous acid becomes distinctly perceptible. Then heat the mix» 
ture again gently on the water-bath until the excess of the sul- 
phurous acid is expelled, which will take about an hour. 

2. Treal^ent^ of the Solution with Eyc(ro$vIphurio Add (Separation 
of the Arsenic as Tersulphide, and, respectively, of ^11 the 
Metals of Groups V. and VI. in form of Sulphideß), 

When the fluid obtained in 1, and which amounts to about twice 291 

* Tills method is essentially the same as that which I have elaborated and pnblished in 
1844, ^oxaÜj wiih L. V. JBabo ; aomparo ** Annale der Chemie und ^humade,'* Bd. 48, 
p. 308. I have sluce that time had freqnent occasion to apply it ; I ijaye also h^ it tried 
by others, nnder my own inspection, and Thave invariably found it to amwerihe pwrpose 
perfectly, 

f I think I need hardly observe that in such extremely delicate experiments the 
vessels and reagents nsed in the process mnst be perfectly free from arsenic, £rom heavy 
metaU in genentl, and iAdeed from eyery impnrity. 



252 DETECTION OF AttSENiC. [§ 223. 

or three tiines the quantity of hydrochloric acid used, is quite cold, 
pour it into a beaker, transmit through it, for about 12 hours, a 
slow stream of washed hydrosulphuric acid gas, rinse the delivery 
pipe with some ammonia, add the ammoniated Solution thus ob- 
tained to the principal fluid, cover the beaker lightly with unsized 
paper, and put it in a moderately warm place (about 86° F.), until 
the odor of hydrosulphuric acid has nearly disappeared. Collect the 
precipitate obtained in this manner on a moderately sized Alter, 
and wash, until the washiugs are quite free fruni chlorine. Con- 
centrate the flltrate and washings somewhat, mix the fluid in a 
flask with ammonia to alkaline reaction, then with sulphide of 
ammonium, cloHely cork the flask, which must now be nearly füll, 
and reserve for further examination according to the Instructions of 
§ 223, 9 (307). 

3. Pwrification ofthß Precipitate produced hy Hydrosulphuric 

Add, 

Thoroughly dry the precipitate obtained in 2 — which, besides 292 
organic matters, must contain, in form of tersulphide, the whole of 
the arsenic present in the analyzed substance, as well as, in form of 
sulphides, all the metals of Groups Y. and YI. which may happen 
to be present — together with the filter, in a small porcelain dish, 
heated on the water-bath ; add pure fuming nitric acid (perfectly 
free from chlorine), drop by drop, until the mass is completely 
moistened, and then evaporate on the waterbath to dryness. 
Meisten the residue uniformly all over with pure hydrated sul- 
phuric acid, previously warmed ; thep heat for two or three hours 
on the water-bath, and finally on the air- sand- or oil-bath at a some- 
what higher, though still moderate temperature (338° F.), until the 
charred mass becomes fiiable, and a small sample of it — to beretumed 
afterwards to the mass — when mixed with water and then allowed 
to subside, gives a colorless fluid ; should the fluid standing over 
the Sediment show a brownish tint, or the residue, instead of being 
friable, consist of a brown, oily liquid, add to the mass some 
cuttings of pure Swedish filtering paper, and continue the appli- 
cation of heat. By attending to these rules you will always 
completely attain the object in view, viz., the destruction of the 
organic substances, without loss of any of the metals. Warm the 
residue on the water-bath, with a mixture of 8 parts of water and 
1 part of hydrochloric acid, filter, wash the undissolved part tho- 
roughly with hot, distilled water, with addition of a little hydro- 
chloric acid, and add the washings, which must be concentrated if 
necessary, to the filtrate. 

Dry the washed carbonaceous residue, then mark it II., and re- 
serve for further examination according to the Instructions given in 
§ 223, 8, h (304). 

4. Preliminary Examination for Arsenic and other Metallic 
PoisoNS DP Groups Y. and YI. (Second Precipitation with 
Hydrosulphuric Acid). 

The clear fluid obtained in 3 contains all the arsenic which 293 
may have been present, in form of arsenious acid, and may con- 
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tain also tin, antimony, mercury, copper, bismutb, and cadmium. 
Supersaturate a small portion of it cautiously aud gradually with 
a mixture of carbonate of ammonia and some ammonia, and observe 
whether a precipitate is tbereby produced. Acidify the super- 
saturated sample of tbe fluid with hydrochloric acid, which will 
redissolve tbe precipitate that may bave been produced by am- 
monia ; tben return tbe sample to tbe fluid, and treat the latter 
with hydrosulphuric acid in stiict accordance with the directions 

of 2 (291). 

This process may lead to three different results, which are to 
be carefülly distinguished. 

a. The hydrosvlphv/ric acid faiU to produce a precipitate ; 294 
but Bubsequently, after the fluid treated as directed in 2 (291) 
has stood for some time, a trifling wliite or yellowish-white 
precipitate separates. In this case probably no metals of 
Croups V. and VI. are present. Nevertheless, treat the 
filtered and washed precipitate as directed in 5 (297)» ^<> 
guard even against overlooking the minutest traces of ar- 
senic, &c. 

6. Ä precipitate is formedj of a pwre yeUow color like that 295 
of tersulphide of arsenic. Take a small portion of the fluid, 
together with the precipitate suspended therein, add some 
ammonia, and shake the mixture for some time, without 
application of heat. If the precipitate dissolves readily and, 
with the exception of a trace of sulphur, completely, and if, in 
the preliminary examiuation (293)? carbonate of ammonia 
has failed to produce a precipitate, arsenic alone is present, 
and no other metal (tin or antimony), at all events, no quantity 
worth mentioning. Mix the Solution of the small sample in 
ammonia with hydrochloric acid to acid reaction, retum 
the acidulated sample to the fluid from which it was 
taken, and which contains the yellow precipitate produced 
by the hydrosulphuric acid, and proceed as directed in 5 
(297)* I^> on the other band, the addition of ammonia 
to the sample completely or partially fiedls to redissolve 
the precipitate, or if, in the preliminary examination (293)> 
carbonate of ammonia has produced a precipitate, there is 
reason to suppose that another metal is present, perhaps with 
arsenic. In this latter case also, add to the sample in the test- 
tube hydrochloric acid to acid reaction, retum the acidulated 
sample to the fluid from which it was taken, which contains 
the yellow precipitate produced by the hydrosulphuric acid, 
and proceed as directed in 6 (298)* 

c, A precipitate is /ormed, which is not yellow. In that 296 
case you have to assume that other metals are present, 
perhaps with arsenic. Proceed as directed in 6 (298)* 

5. Treatment ofthe Yellow Precipitate produced hy Hydrosvlphuric 
Äcidf in Gases where the RemUs ofthe Examination in ^ b (295) 
lead to the Assumption that Arsenic alone is present. Determina- 
tion of the Weight of the Arsenic. 

As soon as the fluid precipitated according to the directions of 297 
4 (293) ^^ nearly lost the smell of salphuretted hydrogen transfer 
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the yeliow precipitate to a small filter, "oeash thoroughly, pour 
lipon the still moist precipitate Solution of ammonia, and vash 
tbe filteiv-^on which, in this case, notking must remain imdi»- 
solved^ except sulphnr — thoroughly with dilute ammonjb; evar 
porate the ammoniacal fluid in a small^ aocurately tared poroe- 
lain tiish, on the water-bath, dry the riesidue at 212° F. imtil 
its weight soffers no forther diminutioB, and weigh. If it is 
found, upon reduotion, tfaat the residue consisted c^ perfectly pure 
tersulphide of arsenic, calculate for every part of it 0-8Ö49 of 
arsenious acid, or 0*6098 of arsenic Treat ihe residue in Ute difih 
according to the Instructions given in 7 (300)* 

6. Treatment of iJie Tetlow Precipitate produced hy Hydromtphwric 
Äcid, in Cases where the ResuUs of the Excmiination in 4, b (295)» 
or in 4; c (296)» ^^^ ^o ^he Ässtmiption that another Metäl ie 
present—^perhaps wvth Ärsenic, Separation of the Metals from 
eäch oth^. Determination of the Weight of the Arsenic. 

If you have reason to snppose that the precipitate produced by 298 
hyclrosulphuric acid (293) contains other metals, perhaps with 
arseniCy pröceed as follows : — As soon as the precipitation lA 
thoroughly accomplished, and the smell of sulphuretted hydrogen 
nearly dii^ppeared, pour the precipitate on a small Alter, wash 
thoroughly, perforate the point of the filter, and rinse the cöntentS 
with tbe washing-bottle into a little f ask, using the least possible 
quantity of water for the purpose ; add to the fltiid in which the 
precipitate is now suspended, first ammonia, then sotne yellowish 
sulphide of ammonium, and let the mixture digest for some ti'me at a 
gentle heat. Should part of the precipitate remain undissolred, 
filter this off, wash, perforate the filtor, rinse off the residuaiy 
precipitate, mark it III., and reserve for tother examination 
accoiding to the instructions given in § 223, 8, c (305)* Evapotate 
the fi]trate, together with the washings, in a small porcelain dish, to 
dryness. Treat the residue with some pure fuming nitric add 
(free from chlorine), nearly expel the acid by evaporation, and 
then add, as C. Meyer was the first to recommend, gradually, 
and in small portions at a time, a Solution of pure carbo- 
nate of soda until it predominates. Add now a mixture of 
1 part of carbonate and 2 parts of nitrate of soda, in suffi- 
cient,yet not excessive quantity, evaporate to dryhess, and heat 
the residue vely gradually to f\ision. JJet the füsed mass cool, and, 
when cold, extract it with cold water, If a residue remaind 
undissolved, filter, wash with a mixture of equal parts of spirit 299 
of wine and water, mark it IV,, and reserve for further exa- 
mination, according to the directions of § 223, 8, d (306). ^^''«' 
the Solution, which must contain all the arsenic as arsenate of soda, 
with the washings, previously freed from alcohol by evaporation, 
add gradually and cautiously pure dilute sulphuric acid to strongly 
acid reaction, evaporate in a small porcelain dish, and, when the fluid 
is tolerably concentrated, add again sulphuric acid, to see whether 
the quantity first added has been sufficient to expel all nitric and 
nitrous acids ; heat now very cautiously until heavy fumes of hy- 
drated sulphuric acid begin to escape ; theü let the liquid cool^ 
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and, when cold, add a little of a conoentrated Solution of salpHuroas 
acid in water ; warm until the excees of tbe sulphurousacid is driven 
off, and then oonduct hydrosulphuric acid into the fluid. If ar^nic 
is pr^senty a yellow precipitote will fbrm. When the precipitate 
has completely subsided, and the fluid has nearlj lost the smell of 
sulphuretted hydrogen, Alter, wash the preeipi^te, dissolre it in 
ammonia, and proceed with the Solution as dirocted in 5, (297)$ to 
determine the weight of the arsenic. 

7. RediLction ofihe Sulphide qf Arsenic. 

The production of metallic arsenic from the sulphide, which may 300 
be regärded as the keystone of the whole process, demands the 
greatest care and attention. The method recommended in § 131, 
12, Tiz., to fuse the arsenical Compound^ mixed with Cyanide of 
potassinm and carbonate of soda, in a slow stream of carbonio 
acid gas, is the best and 8afest> aflbrding, besides the advantage of 
great accuraoy, also a positive guarantee against the chance of oon- 
founding the arsenic with some other body, more partieularly anti^ 
mony ; on which account it is more especially adapted for medico- 
legal investigations. 

As regards the process of reduction^ either proceed at once with 
the sulphide of arsenic, or previoüsly oonvert the latter into arsenic 
acid (see 301). In the former case take care, if possible, not to 
use the whole of the residue in the dish, obtained by the evapo« 
ration of the ammoniacal Solution, but only a portion of it, so that 
the process msy be repeated several thn6s> if necesisaty. Should the 
residüe be too trifling to admit of being divided into several poiv 
tions, dissolve it in a few drops of ammonia, add a little carbonate of 
soda, and evaporate on the water-bath to- drjmess, taking care to 
stir the mixture during the process ; divido the dry mass into 
several portions, and proceed to reduction. 

Oäo* recommends to convert the sulphide first into ai^enic acid, 301 
and then to reduce the latter with Cyanide of potassium. The fol- 
lowing is the process given by him to effect the conversion of the sul- 
phide into the acid ; pour conoentrated nitric acid over the sulphide 
of arsenic in the dish, evaporate, and repeat the same Operation several 
times, if necessary, and then remove every trace of nitric acid by 
repeatedly moistening the residue with water, and drying again; 
when the nitric acid is completely expelled, treat the residue with a 
few drops of water, add carbonate of soda in powder, to form an 
alkaline mass, and thoroughly dry this in the dish, with frequent 
stirring, taking care to collect the mass within the least possible 
Space in the middle of the dish. The dry mass thus obtained is 
admirably adapted for reduction. I can, ftom the results of my 
own experience, fully confirm this statemeüt of Otto; but I must 
once* more repeat, that it is indispensable for the success of the 
Operation that the residue should be perfectly free firom everi/ trace 
of nitric acid or nitrate ; otherwise deflagration is sure to take place 
during the process of fusion with Cyanide of potassium, and, of 
course, the experiment will faü. 



* n 



Anleitaog zur Aasmittelung der Gift6/* vo» i)r. Fr, J%1. Otto^ p. 36. 
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When the Operation is finished, cut off the reduction tube at c (see 302 
Fig. 30), set aside the fore part, which contains the arseoical mirror, 
put the other part of the tube into a cylinder, pour water over it, and 
let it stand some time; then filter the Solution obtained, add to the 




Fig. 30. 

filtrate hydrochloric acid to acid reaction ; then again some hydro- 
Bulphuric acid, and observe whether this produces a precipitate. In 
cases where the reduction of the sulphide of arsenic has been 
effected in the direct way, without previous conversion to arsenic 
acid, a trifling yellow precipitate will usually form ; had traces of 
antimony been present, the precipitate would be orange-colored 
and insoluble in carbonate of ammonia. When all the soluble 
salts of the fused mass have been dissolved out, examine the 
metallic residue, which may be lefb behiud, according to the 
directions of § 133, 1, for traces of tin and antimony; these 
being the ouly metals that can possibly be present if the instruo- 
tions here given have been striotly foUowed. Should a/pprecicMe 
traces of these metals, or of either of them, be found, proper de- 
duction and correction must be made in calculating the weight of 
the arsenic. 

8. ExomdruUum of the reserved ResidueSy marked aeverdlly I., IL, 
IIL, cmd IY,,/or other Äfetcds ofthe Fifth and Sixth Growps, 

a. EesOdue L Compare § 223, 1 (290)- 

This may contain chloride of silver and sulphate of lead, 303 
possibly also binoxide of tin. Incinerate the residue (I.) in a 
porcelain dish, burn the carbon with the aid of some nitrate 
of ammonia, extract the residue with water, dry the part lefb 
undissolved, aud then fuse it with Cyanide of potassium in a 
porcelain crucible. When the fused mass is cold, treat it with 
water until all that is soluble in it is completely removed ; 
warm the residue with nitric acid, and proceed as directed in 
§179. 

K Residue IL Compare § 223, 3 (292). 

The carbonaceous residue which is obtained by the purifica- 304 
tion of the crude sulphide by means of nitric acid aud sulphuric 
acid, may more particularly contain lead, mercury, and tin ; 
antimony and bismuth may also be present. 

Heat the residue for some time with nitrohydrochloric acid, 
and filter the Solution ; wash the undissolved residue with 
water mixed with some hydrochloric acid, add the washings to 
the filtrate, and treat the dilute fluid thus obtained with 
hydrochloric acid ; should a precipitate form, examine this 
according to the Instructions given in § 189. Incinerate the 
residue insoluble in nitrohydrochloric acid, fuse the ash in con- . 
junction with Cyanide of potassium, and proceed with the fused 
mass as directed in 8, a (303)* 
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c. Reaidue III, Corapare § 223, 6 (298). 

Examine the precipitate insoluble in sulphide of ammonium 305 
for the metals of the fifth group according to the Instructions 
given in § 191. 

d. Residue IV. Compare § 223, 6 (299). 306 

This may contain tin and antimouy, perhaps also copper. 
Proceed as directed § 190, 2, h (123). ^^ the color of the re- 
sidue was black (oxide of copper), treat the reduoed metals 
according to the Instructions given in § 179. 

9. Examinationqfthe FUtrate reservedin § 233, 2 {29])j for Metals of 
the Fourth and Third Groups^ eapeddUyfor Zinc amd Chromiwin, 

a. As we have seen in § 223, 2 (291), the fluid filtered from 307 
the precipitate produced by hydrosulphuric acid, and tempo- 
rarilyreserved for further examination, has alreadybeen mixed 
with sulphide of ammonium. The addition of this reagent 
to the flltrate is usually attended with the formation of 
a precipitate, consisting of sulphide of iron and phosphate 
of lime, but which may possibly also contain sulphide of zinc. 
Filter the fluid from this precipitate, and treat the filtrate as 
directed in h (308) j wash the precipitate with water mixed 
with some sulphide of ammonium, dissolve by warming with 
hydrochloric acid, and boil the Solution with nitric acid, to 
convert the protoxide of iron into sesquioxide ; add, if neces- 
sary, suffieient sesquichloride of iron for carbonate of soda 
to produce a brownish-yellow precipitate in a sample of the 
fluid ; neutralize almost completely with carbonate of soda, 
precipitate with carbonate of baryta, and filter ; the precipi- 
tate contains all the sesquioxide of iron and all the phos- 
phoric acid. Concentrate the filtrate, precipitate the baryta 
with dilute sulphuric acid, filter, add to the filtrate ammonia 
to alkaline reaction, and precipitate with sulphide of ammo- 
nium the zinc which may be present. For the further exami- 
nation of the precipitate, see § 105. 
h, If the analyzed substance contained chromium, this will 308 
be found in the fluid filtered from the precipitate produced by 
sulphide of ammonium, § 223, 2 (291). Compare § 223, 9, 
ö (307). If you wish to ascertain whether chromium is really 
present, evaporate the filtrate to dryness, mix the residue with 
3 parts of nitrate of potaasa and 1 part of carbonate of soda, 
put the mixture into a Hessian crucible and heat to moderat« 
redness. AUow the fused mass to cool, and, when cold, boil 
with water : yellow coloration of the fluid shows the presence 
. of alkaline Chromate, and accordingly of chromium. For con- 
* firmatory tests, see § 138. 

II. Method for the Detection of Htdroctanic Acid. 

§ 224. 

In cases of actual or suspected poisoning with hydrocyanic acid, 309 
I. 8 
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where it is required to separate that acid from articles of food or 
from the Contents of the stomach, and thus to prove its presence, 
it is liigblj necessarj to act witb the greatest expedition, as tbe 
hydrocyanic acid speedily undergoes decomposition. Still this de- 
oomposition is not quite so rapid as is genersdlj supposed, and indeed 
it requires some time before the complete decomposition of the tv^iole 
of the acid present is effected.* 

Although hydrocyanic acid betrays its presence, even in minate 
quantities, by its peculiar odor, still this sign must never be looked 
npon as conclusive. On the contrary, to adduce positive proof of 
the presence of the acid, it is always indispensable to separate it, 
and to convert it into certain known Compounds. 

The method of accomplishing this is based upon distillation of 
the acidifijed mass, and examination of the distillate for hydrocyanic 
acid. Now, as the non-poisonous salts, ferro- and ferricyanide of 
potassinm, on distillation^ likewise yield a distillate containing 
hydrocyanic acid, it is, of course, indispensable — as Otto very pro- 
perly observes — first to ascertain whether one of these salts may 
not be present. For this purpose, stir a small portion of the 
mass to be examined with water, filter, acidify the filtrate with 
hydrochloric acid, and test a sample of it with sesqaichloride of 
iron, another with sulphate of protoxide of iron. If no blue pre- 
cipitate forms in either, soluble ferro- and ferricyanides are not pr^ 
sent, and you may safely proceed as foUows : 

Test, in the first place, the reaction of the mass ttnder examina- 310 
tion ; if necessary, after nüxing and stirring it with water. If it is 
not already strongly acid, add Solution of tartaric acid until the 
fluid strongly reddens litmus paper ; introduce the mixture into a 
retort, and place the body of the retort, with the neck pointing 
upwards, in an iron or copper vessel, but so that it does not touch 
the bottom, which should, moreover, by way of precaution, be 
covered with a cloth ; fill the vessel with a Solution of chloride of 
calcium, and apply heat, so as to cause gentle ebullition of the Con- 
tents of the retort. Conduct the vapors passing over, with the aid 
of a tight-fitting tube, beut at a very obtuse angle, through a Liehig' s 
condensing apparatus, and receive the distillate in a small, weighed 
flask. When about half-an-ounce of distillate has passed over, re- 
move the receiver, and replace it by a somewhat larger flask, also 
previously tared. Weigh the Contents of the first receiver, and 
proceed as follows : 

a. Mix one-fourth of the distillate with Solution of potassa 311 
or soda to strongly alkaline reaction, and then add a small 
quantity of Solution of sulphate of protoxide of iron, mixed 
with a little sesquichloride of iron. 

h, Treat another fourth as directed § 155, 7, to convert the 312 
hydrocyanic acid into sulphocyanide of iron. As tbe distillate 
might, however, contain acetic acid, do not neglect to add some 

* TbuB I sueceeded in separating a notable quantity of hydrocyanic acid from the sto- 
nach of a man who had poisoned himself with that acid in rery bot weather, and whose 
intestines were handed to me füll 36 boars after deatb. — A dog was poisoned with 
hydrocyanic acid, and the Contents of the stomach, mixed with tbe blood, were left for 
24 hoars exposed to an intense summer-heat, and then examined : tbe acid was still 
detected. 
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hydroohloric acid after the sesqTiiohloride of iron, in order 
to neutralize the adverse influence of the acetate of amuxonia. 
Compare § 155, 7. 

c. If the expenments a and b have demonstrated the pre- 313 
sence of hydrocyanic acid, and you wiah now also to approxi^ 
mately determine its quantity, continue the distillation, until 
the fluid passing over contains no longer the least trace of 
hydrocyanic acid ; add one-half of the contents of the second 
receiver to the remaining half of the contents of the first, mix 
the fluid with nitrate of silver, then with ammonia until it 
predoxninates, and flnally with nitric acid to strongly acid reac- 
tion. Allow the precipitate which forms to subside, filter on a 
taredfilter, diied at 212° F., wash the precipitate, dry it tho- 
roughly at 212° F., and weigL Ignite the weighed precipitate 
in a small porcelain crucible, to destroy the Cyanide of silver, 
fuse the residue with carbonate of soda and potassa — ^to eflect 
the decomposition of the chloride of silver which it may con- 
tain — ^boil the mass with water, filter, acidify the filtrate with 
nitric acid, and precipitate with nitrate of silver ; determine 
the weight of the chloride of silver which may precipitate, and 
deduct the amount found from the total weight of the chloride 
and Cyanide of silver : the differenco gives the quantity of the 
latter ; by multiplying the quantity found of the Cyanide of 
süver by 0*2017, you find the corresponding amount of an- 
hydrous hydrocyanic acid ; and by multiplying this again by 
2 — as only one-half of the distillate has been used — ^you find 
the total quantity of hydrocyanic acid which was present in 
the examined mass. 

Insteadof pursuiagthis indirect method, you may also deter- 314 
mine the quantity of the hydrocyanic acid by the following direct 
method : Introduoe half of the distillate into a retort, together 
with powdered borax ; distil to a small residue, and deter- 
mine the hydrocyanic acid in the distillate as Cyanide of 
süver. Hydroohloric acid can no longer be present in this 
distillate, as the soda of the borax retains it in the retort 
{Wackenroder). 

III. Method for the Detection of Phosphorus. 

§ 225. 

Since phosphorus paste has been employed to poison mice, &c., 315 
and the poisonous action of lucifer matches has become more ex- 
tensively known, phosphorus has not unfrequently been resorted 
to as an agent for committing murder. The chemist is therefore 
occasionally called upon to examine some article of food, or the 
contents of a stomach, for this substance. It is obvious 
that, in cases of the kind, his whole attention must be directed 
to the Separation of the phosphorus in the free sUUe, or to pro- 
ducing such reactions as will enable him to infer the presence of 
Jree phosphorus ; since the mere finding of phosphorus in form of 
phosphates would prove nothing, as phosfdiates invariably form 
constituents of animal and vegetable bodies. 

s 2 
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E. MiUcherlich, who haa publishod the Uteat treatiae on the 316 
aubject,* recommendB the foUowing method u the wmpleat and 

Mix the gubatanoe nnder eJtatninatioß with water and »me sol- 
phuric acid, and aubject the mixture to diatillation in » flask, A 
(see Fig. 31). ThU flnsk is connected with an «rolntion tobe, b, and 




Fig. 31. 



the latter again with a glass oooliug or condtinBiiig tube, c cc, which 
passee through a perforated cork a, in the bottom of a cyliiider, B, 
into a glaas veesel, C. Cold water nins from D, through a stop- 
oock, into a funnel, i, which extende to tba bottom of B; the 
warmed water flowa off through g. 

Now, if tbe Bnbstance in A containB phosphorus, there will ap- 
pear, in the dark, in the apper part of the condensing tube 
at the point r, where the aqueoue vapora distiiling over enter that 
part of the tube, a etrong himinoHity, usnallj a luminoua ring. 
If you take for diatillation 5 oz. of a mixture containing only 
^th of a grain of phosphorus, and acconJingly only I part of 
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pbosphoros in 100,000 parts of mixture, you may distil over 3 oz. 
of it — which will take at least half-an-hour — without the lumi- 
nosity ceasing; MitacherUch, in one of bis experiments, stopped 
the distillation afber half-an-hour, allowed the flask to stand 
uncorked a fortnight, and then recommenced the distillation : 
the luminosity was as streng as at first If the flaid contains sub- 
stances which prevent the luminosity of phosphorus in general, 
such as etber, alcohol, or oil of turpentine, no luminosity is 
observed so long as these substances continue to distil pver. In 
the case of etber and alcohol, bowever, this is soon effected, and 
the luminosity accordingly very speedily makes its appearance ; but 
it is different with oil ot turpentine, which exercises a lasting pre- 
ventive influence upon the manifestation of this reaction. 

After the termination of the process, globules of phosphorus 317 
are found at the bottom of the receiver, 0. Müacherlich obtained 
from 5 oz. of a mixture oontaining ^ grain of phosphorus, so 
many globules of that body that the one-tenth part of them would 
liave been amply sufficient to demonstrate its presence. In medico- 
legal investigations these globules should tirst be washed with 
alcohol, and then weighed. A portion may afterwards be sub- 
jected to a confirmatory examination, to make quite sure that 
they really consist of phosphorus : the remainder, together with a 
portion of the fluid which shows the luminosity upon distillation, 
should be sent in with the report. 

3. Examination of the Inorganic Constituents o/Flants, Änimah', or Parts 
ofthe same, o/Maivu^es, <Ssc, (Analysia ofAthea,) 

§226. 

A. Pbeparation of the Ash. 

It is sufficient for the purposes of a qualitative analysis to in- 318 
cinerate a comparatively small quantity of the substance which it is 
intended to examine for its inorganic constituents ; the substance 
must previously be most carefuUy cleaned. The incineration is 
effected best in a sm^Jl crny muffle, but it may be conducted also 
in a Hessian crucible placed in a slanting position, or, under certain 
circumstances, even in a small porcelain or platinum dish. The heat 
must always be moderate, to guard against the volatilization of cer- 
tain constituents, more especially of metallic chlorides. It is not 
always necessary to continue the combustion until all the carbon is 
consumed. With ashes containing a large proportion of fusible 
salts, as, 6. g. the ash of beetroot molasses, it is even advisable to 
effect, in the first place, complete carbonization, then to boil the 
charred mass with water, and finally to incinerate the washed and 
dried residue. For further particulars see Quantitative Analysis, 
3rd Edition, § 250. 

B. Examination dp the Ash. 

As the qualitative analysis of the ash of a vegetable substance 319 
is usually undertaken, either as a practical exercise, or for the 
purpose of determiuing its geueral character, and the State or 
condition in which any given constituent may happen to be pre- 
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sent, or also with a riew to make, as &r as practicable, an approzi- 
mate estimation of the respective quantitiesof the several constituents, 
it is luuall j the best waj to examine separatelj ; (1) the part so- 
luble in water ; (2) the part soluble in hydroohloric acid ; and (3) 
the residue which is io soluble in either menstraum. This can be 
done the more readilj, as the nnmber of bodies to which regard mnst 
be had in the analjsis is ooly small, and the several processea maj 
accordingly be expeditiouslj performed. 

a. EaxwUnation o/the Part soltible m Water. 

Boil the ash with water, filter, and whilst the residue is being 
washed, examine tbe Solution as foUows : — 

1. Add to a portion, after heating it, hjdrochloric acid in excess, 320 
warm, and let the fluid stand at rest. Effervescence indicates cae- 
BONic Acm, combined with alkalies ; odor of hydrosulphurio acid 
indicates the sülphtde of an alkali hetal, formed from an alkaline 
sulphate by the reducing action of the carbon. Turbidity from 
Separation of sulphur, with odor of sulphurous acid, denotes a hypo- 
SULPHITE (which occurs occasionally in the ash of coal). Filter, 

if necessary, and add to the filtrate— or to the fluid if no filtration 
is required — some chloride of barium ; the formation of a white 
precipitate indicates the presence of sulphübio acid. 

2. Evaporate another portion of the Solution until it is reduced 321 
to a small volume, add hydrochloric acid to acid reaction— eflerves- 
cence indicates the presence of cabbonic acid — evaporate now to 
dryness, and treat the residue with hydrochloric acid and water. 
The portion lefl undissolved consists of siucic acid. Filter, add 
ammoDia, chloride of ammonium, and sulphate of magnesia ; the 
formation of a white precipitate indicates the presence of phos- 
PHOBic ACID. Instead of this reaction, you may also mix the fluid 
filtered from the silicic acid with acetate of soda, and then cautiously 
add, drop.by drop, sesquichloride of iron, or you may test witJi 
molybdate of ammonia (§ 143). 

3. Add to another portion of the Solution nitrate of silver as 322 
long as a precipitate continues to form ; warm* gently, and then 
cautiously add ammonia : if a black residue is lef^ this consists of 
sulphide of silver, proceedinff from the sulphide of an alkali metal, 

or from a hyposuiphite. Mix the ammoniacal Solution now — after 
previous flltration if necessary— cautiously with nitric acid until it 
is exactly neutralized. If this produces a bright yeUow precipitate, 
the phosphoric acid found in 2 was present in the tribasic, if a 
fvhUe precipitate, it was present in the bibasic form. Add more 
nitric acid. This eflects the Solution of the phosphate of silver 
precipitate. But if chlorine (iodine,* bromine) is present, a 
portion of the precipitate remains undissolved, or the fluid appears 
turbid. 

4. Acidify a portion of the Solution with hydrochloric acid, and 323 
then make it alkaline with ammonia ; mix the alkaline fluid with 
Oxalate of ammonia, and let it stand at rest. The formation of a 

* To detect the iodine in aquatic plantar dip the plant in a weak Solution of potassa 
{Chatin\ dry, incinerate, treat with water, and examine the aqueoos lolntion as directed 
} 211, 2, c, ft aa (2Ö8). 
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white precipitate indicates lime. !Ellter, and mix the filtrate with 
ammonia and phosphate of soda ; the formation of a oiystalline pre- 
cipitate, which often becomes visible önlj afber long stimding, indi- 
cates MAGNESIA. Magne^a is often found in distinctlj appreciable, 
lime onlj in exoeedingly minute, qnantity, even when alkaline car- 
bonates and phosphates are preaent. 
6, f or POTASSA and soda ezamine as directed § 195. 

h. Exarnmatiwb ofthe Pa^rt solMe in HydrocMoriö Ädd. 

Warm the residue left nndissolved by water with hydrochloric 324 
acid*— effervescence indicates carbonic aoid, oombined with alka- 
line earths ; eyolntion of chlorine denotes oxides of makganese — 
evaporate to dryness, and heat a little more strongly, to effect the 
Separation of the silioic acid ; moisten the residue with hydrochloric 
acid and some nitric acid, add water, warm, and filter. 

1. Test with hydrosulphuric acid. If this produces any other 
than a perfectly white precipitate, you must examine it in the usual 
way. The ashes of plants occasionally contain copper; if the 
plajit has been manured with excrements deodorized by nitrate 
of lea'd, they may contain lead ; other metals are also occasionally 
fonnd. 

2, Mix a portion of the original Solution with carbonate of soda, 325 
as long as the precipitate formed redissolves upon stirring ; then 
add acetate of soda, and some acetic acid. This produces, in most 
cases, a white precipitate of phosphate of sesquioxide of iron. If 
the fluid in which this precipitate is suspended is reddish, tfaere is 
more sesquioxide of iron present than corresponds to the phosphorio 
acid ; if it is colorless, add sesquichloride of iron, drop by drop, 
tintil the fluid looks reddish. (From the quantity of the precipitate 

of phosphate of sesquioxide of iron formed you may estiniate the 
PHOSPHORIO ACID present.) Heat to boiling,t filter hot, and mix 
the filtrate, after addition of ammonia, with yellowish sulphide of 
ammonium, in a stoppered flask ; should a precipitate form, after 
long Standing, examine this before the blowpipe for mangakbse, and 
the fluid filtered from it for lime and magnebia, in the usual way 
(§ 226, B, a, i [323]). 

c, ExamincUion ofthe Eesidite insolvhle in Hydrochloric Add, 

The residue insoluble in hydrochloric acid contains, 

1. The silicio acid, which has sepamted on treating with hydro- 326 
chloric acid. 

2. Those ingredients of the ash which are insoluble in hydro- 
chloric acid. These are, in most ashes, sand, clay, carbon ; sub- 
stances, therefore, which are present in consequence of defective 
cleaning or imperfect combustion of the plants, or matter derived 
from the crucible. It is only the ashes of the stems of cereals and 
others abounding in silicic acid, that are not completely decomposed 
by hydrochloric acid. 

* If the residue still contains mncli carbon, after further incineration. 
f If this should fail to decolorize the fluid, add some more acetate of soda. 
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Boil the waslied residue with Solution of carbonate of soda in 327 
excess, filter hot, wash with boiling water, and test for silicic acid 
in the filtrate by evaporation with hydrochlorie acid. If the ash 
was of a kind to be completely decomposed by hydrochlorie acid, the 
analysis may be considered as finished — for the accidental admix- 
ture of clay and sand will rarely interest the analyst suffioiently to 
Warrant a more minute examination by fluxing. Bat, if the a^h 
abounded in silicic acid, and it may therefore be supposed that the 
hydrochlorie acid has failed to effect complete decomposition, evapo- 
i'ate half of the residue insoluble in Solution of carbonate of soda, 
with pure Solution of soda in excess, in a silver or platinum dish, to 
dryness. This decomposes the Silicates of the ash, whilst but 
little affecting the sand. Acidify now with hydrochlorie acid, 
evaporate to dryness, &o,, and proceed as in 6 (324)* For the de- 
tection of the alkalies use the other half of the residue. Gompare 
§ 205, 2 (228). 



SECTION III. 

EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COÜRSE OF ANALYSIS. 

L Additional Hemares to the Prelimikaby Examination. 

To §§ 173—176. 

The inspecti(m of the physical properties of a body may, as already 
stated § 173, in many cases enable the analyst to draw certain general 
inferences as to its nature. Thus, for instance, if the analyst has a 
white substance before him, he may at once conclude that it is not 
cinnabar, or if a light substance, that it is not a Compound of lead, &c. 

Inferences of this kind are quite admissible to a certain extent ; but 
if carried too far, they are apt to mislead the Operator, by blinding 
him to every reaction not exactly in accordance with his preconceived 
notions. 

As regards the examination of substances at a high temperature, 
platinum foil or small iron spoons may also be used in the process ; 
however, the experiment in the glass tube gives, in most cases, results 
more clearly evident, and affords, moreover, the advantage that volatile 
bodies are less likely to escape detection, and that a more correct and 
precise notion can be formed of the nature of the heated substance, than 
exposure on platinum foil or in an iron spoon will per mit. In the case 
of minerals it is always advisable to extend the examination in the dry 
way, also to fluorine (§ 147, 8). To ascertain the products of oxidation 
of a body, it is sometimes advisable also to heat it in a short glass-tube, 
open at both ends, and held in a slanting position ; small quantities of a 
metallie sulphide, for instance, may be readily detected by this means. 
(Gompare § 156, 6.) 

With respect to the preliminary examination by means of the blow- 
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pipe, I have to remark that the student must avoid drawing positive 
conclusions from pyrochemical experiments, until he has acquired some 
practice in this branch of analjtical chemistrj. A slight incrustation 
of the charcoal support, which may aeem to denote the presence of a cer- 
tain metal, is not always a concltmve proof of the presenoe of that 
metal ; nor would it be safe to assume the absence of a substance simply 
because the blowpipe flame fails to effect reduction, or Solution of nitrate 
of protoxide of cobalt fails to impart a color to the ignited mass, &c. 
The blowpipe reactions are, indeed, in most cases, unerring, but it is not 
always easy to produce them, and they are moreover liable to suffer 
modiücation by accidental circumstances. 

The Student should never omit the preliminary examination ; the 
notion that this Omission will save time and trouble, is very erroneous. 

II. Additional Eemares to the Solution of Sübstances, etc. 

To §§ 177—179. 

It is a task of some difficulty to fix the exact limit between sübstances 
which are soluble in water and those that are insoluble in that men- 
' struum, since the number of bodies which are sparingly soluble in water 
is very considerable, and the transition from sparingly soluble to inr- 
soluble is very gradual. Sulphate of lime, which is soluble in 430 parts 
of water, might perhaps serve as a limit between the two classes, since 
this Salt may still be positively detected in aqueous Solution, by the deli- 
cate reagents which we possess for lime and sulphuric acid. 

When examining an aqueous fliüd by evaporating a few drops of it 
upon platinum foil, to see whether it holds a solid body in Solution, a 
very minute residue sometimes remains, which leaves the analyst in 
doubt respecting the nature of the substance ; in cases of the kind test, 
in the first place, the reaction of the fluid with litmus papers ; in the 
second place, add to a portion of it a drop of Solution of chloride of 
barium ; and lastly, to another portion some carbonate of soda. Should 
the fluid be neutral, and remain unaltered upon the addition of these 
reagents, the analyst need not examine it any further for bases or acids ; 
since if the fluid contained any of those bases or acids which principally 
form sparingly soluble Compounds, the chloride of barium and the car- 
bonate of soda would have revealed their presence. The analyst may 
therefore feel assured that the detection of the substance of which the 
residue left upon evaporation consists, will be more readily effected in 
the class of bodies insoluble in water. 

If water has dissolved any part of the substance under examination, 
the Student will always do well to examine the Solution both for acids 
and bases, since this will lead more readily to a correct apprehension of 
the nature of the Compound — an advantage which will amply counter- 
balance the drawback of sometimes meeting with the same substance 
both in the aqueous and in the acid Solution. 

The following sübstances (with few exceptions) are insoluble in waij^r, 
but soluble in hydrochloric acid or in nitric acid : the phosphates, arse- 
nates, arsenites, borates, carbonates, and Oxalates of the earths and metals ; 
and also several tartrates, citrates, malates, benzoates, and succinates ; 
the Oxides and sulphides of the heavy metals ; alumina, magnesia ; many 
of the metallio iodides and cyanides, <fec. Nearly the whole of these 
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Compounds äre, indeed, deoomposed, if not by dilute, hy boiling concen- 
trated hydrochloric acid ;* but this decomposition gives riae to the for- 
mation of insoluble Compounds when oxide of silver is present, and of 
sparingly soluble Compounds in the presence of suboxide of mercurj and 
lead. This is not the case with nitric acid, and aocordingly the latter 
effects complete Solution in many cases where hydrochloric acid has lefk 
a residue. But, on the other band, nitric acid leaves, besides the bodies 
insoluble in any simple acid, teroxide of antimony, binoxide of tin, bin- 
oxide of lead, &c., undissolved, and £uls also to effect the complete 
Solution of many other substances. 

Substances not soluble in water are, therefore, treated as foUows : trj 
to disBolve them in dilute or conoentrated hydrochloric acid, cold er 
boiliDg ; if this &ils to efEect complete Solution, try.to o^^ssolve a freah 
portioQ in nitric acid ; if this also fails, treat the body with aqua regia, 
which is an excellent solvent, more particularly for metallic sulphides. 
To examine separately the Solution in hydrochloric acid or in nitric 
acid, on the one band, and that in nitrohydrochloric acid on the other, 
is, in most cases, unnecessary. 

With regard to the Solution of metals and alloys, I have to remark 
that, upon boiling them with nitric acid, white precipitates will fre- 
quently form, although neither tin nor antimony be present. Inexpe- ' 
rienced students ofben confound such precipitates with the oxides of 
these two metals, although their appearance is quite different. These 
precipitates consist simply of nitrates sparingly soluble in the nitric acid 
present, but readily soluble in water. Gonsequently the analyst should 
ascertain whether these white precipitates will dissolve in wa^ier or not, 
before he concludes them to consist of tin or antimony. 

IIL AdDITIONAL EeMABES to THK AcTUAL EXAMINATIOir. 

To §§ 180—201. 
A. General Hetiew akd Explanation of the Analytical Coübse. 

a. BETECnON OF THE BASES. 

The Classification of the bases into groups, and the methods which 
serve to detect and isolate them individually, have been fiiUy explained 
in Part I., Section IIL The systematic course of analysis, from § 180 to 
§ 196, is founded upon this Classification of the bases ; and as a correct 
apprehension of it is of primary importance, I wiU here subjoin a brief 
explanation of the grounds upon which this division rests. Bespecting 
the detection of the severai bases individually, I refer the student to 
the recapitulations and remarks in §§ ül, 98, 102, 111, 117, 122, 127, 
and 133. 

The general reagents which serve to divido the bases into prindpal 
groups are — hydrochloric acid, hydrosulphüric acid, 8ULPHn>£ of 
AMMONIUM, and carbonate of ammokia ; this is likewise the order of 
succession in which they are applied. Sulphide of ammonium performs 
a double part. 

Let US suppose we have in solutioD the whole of the baaes, together 

* For the cxceptions, see 9 201. 
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with arsenious and arseoic acids, and also phosphate of lime — ^which 
latter may serve as a type for the salts of the alkaline earths, soluble in 
acids, and reprecipitated nnaltered by ammonia. 

Chlorine forms insoluble Compounds only witb silver and mercury ; 
cUoride of lead is sparingly soluble in water. The insoluble subchloride 
of mercury corresponds to the suboxide of that metaL If, therefore, we 
add to our Solution : 

1. Hydrochloric Add, 

we remove from it the metallic oxides of the first division of the fifth 
group, viz., the whole of the oxide dp silver and the whole of the sub- 
OXLDE DP MERCtmr. From concentrated Solutions, a portion of the. lead 
may likewise precipitate as chloride ; this is, however, immaterial, as a 
sufficient quantity of the lead remains in the Solution to permit the sub- 
sequent detection of this metal. 

Hydrosulphuric acid completely precipitates the Oxides of the fifth 
and sixth group from Solutions oontaining a free mineral acid, since the 
affinity of the metallic radicals of these oxides for sulphur, and that of 
the hydrogenfor oxygen, are sujficiently powerful to overcome the affinity 
between the metal and the oxygen, and that between the oxide and a 
stroug acid, even though the acid be present ik excess. But none 
of the other bases are precipitated under these circumstances, since those 
of the first, second, and third group form no sulphur Compounds insoluble 
in water ; and the affinity which the metallic radicals of the oxides of 
the fourth group possess for sulphur, combined with that manifested by 
hydrogen for oxygen, is not sufficiently powerful to overcome the affinity 
of the metal for oxygen and of the oxide for a streng acid, IP the latteb 
IS present in excess. , 

If, therefore, after the removal of the oxide of silver and suboxide of 
mercury, by means of hydrochloric acid, we add to the Solution, which 
still contains free hydrochloric acid, 

2. Hydrosulphuric Acid, 

we remove from it the remainder of the oxides of the fifbh, together 
with those of the sixth group, vist, oxide dp lead, oxide op mercury, 

OXIDE DP COPPER, TEROXIDB OP BISMUTH, OXIDE OF CADMIÜM, TEROXIDE 
OP GOLD, BINOXIDE OP PLATINUM, PROTOXIDE OP TIN, BINOXIDE OP TIN, 
TEROXIDE OP ANTIMONY, ARSENIOUS ACID, and ARSENIC ACID. All the 

other oxides remain in Solution, either unaltered, or reduced to a lower 
degree of oxidation, e. g,y sesquioxide of iron to protoxide ; chromic acid 
to sesquioxide of chromium, &c. 

The sulphides corresponding to the oxides of the sixth group com- 
bine with basic metallic sulphides (the sulphides of the alkali metals), 
and form with them sulphur salts soluble in water j while the sulphides 
corresponding to the oxides of the fifbh group do not possess this pro- 
perty, or possess it only to a limited extent.* If, therefore, we treat 
the whole of the sulphides precipitated by hydrosulphuric acid firom an 
acid Solution, with — 

* Snlphide of mercniy combines Trifh sulphide of potassinm and snlphide of sodium, 
bnt not with sulphide of ammoninm ; sulphide of copper dissolves a little in sulphide of 
ammonium, but not in sulphide of potassium or sulphide of sodium. 
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3. Sylphide of Ammonium (or, in certain cases, Sulphide qfSadium), 

the sulpbides* of mercury, lead, copper, bismuth, and cadmium remain 
nndissülved, whilst the other sulphides dissolve as double Compounds of 
sulphide of oold, platinum, antimony, tin, arsenic, with sulphide op 
AMMONIUM (or, as the case may be, sulphide op sodiüm), and precipi- 
tate again froni this Solution upon the addition of an acid, either un- 
altered, or, as regards the protosulphide of tin, and the tersulphide of 
antimony, in a State of higher sulphuration — these two Compounds 
taking up sulphur from the yellow sulphide of ammonium. The 
rationale of this precipitation is as foUows ; — The acid decomposes the 
Bulphur Salt formed. The sulphur base (sulphide of ammonium or sul- 
phide of sodium) transposes with the constituents of the water, forming 
an oxygen base (oxide of ammouium or soda) and hydrosulphuric acid ; 
the former combines with the acid added, the latter escapes, and the 
liberated electro-negative sulphide (sulphur acid) precipitates. If the 
acid is an hydracid, its radical combines with the ammonium, its 
hydrogen with the sulphur. Sulphur precipitates at the same time, the 
sulphide of ammonium containing generally an excess of that element 
The analyst must bear in mind that this eliminated sulphur makes 
the precipitated sulphides appear of a lighter color than they are 
naturally. 

The alkalies, the alkaline earths, alumina, and sesquioxide of chromium 
have remained in Solution, because their sulphur Compounds are soluble 
in water, or because their salts are not affected in the least by hydro- 
sulphuric acid ; the sulphides corresponding to the oxides of the fourth 
group are insoluble in water, and would have been precipitated accord- 
ingly by hydrosulphuric acid, but for the free acid present. !£, there- 
fore, this fr^ acid is removed, i. e., if the Solution is made alkaline, and 
then treated with hydrosulphuric acid, or, what answera both purposes 
at once, if 

4. Sulphide of Ammonium, 

is added to the Solution,* the sulphides corresponding to the oxides of 
the fourth group will precipitate : viz., the sulphides of iron, manga- 
NESE, COBALT, NICKEL, and ziNC. But in conjunction with them, 

ALUMINA, sesquioxide OF CHROMIUM, and PHOSPHATE OF LIME, are 

thrown down, because the affinity which the oxide of ammonium pos- 
sesses for the acid of the salt of alumina or of sesquioxide of chromium, 
or for that which keeps the phosphate of lime in Solution, causes the 
elements of the sulphide of ammonium to transpose with those of the 
water, thus giving rise to the formation of oxide of ammonium and of 
hydrosulphuric acid. The former combines with the acid, the latter 
escapes, being incapable of entering into combination with the liberated 
oxides or with the phosphate of lime, — the oxides and the lime-salt 
precipitate. 

There remain now in Solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are insoluble in water, 

* After previous neatralization of the free acid by ammonia, to prevent nnneoessary 
evolution of hydrosulphuric acid ; and the addition also, if necessary, of ohloride of am- 
monium, to prevent the precipitation of magnesia by ammonia. 
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whilst those of the latter are soluble in that meuatruum. If, therefore, 
we now add 

5. Carbonate ofAmmonia, 

and applj a gentle heat, in order to decompose the bicarbonates which 
may have formed, the whole of the alkaline earths ought to precipitate. 
This is, however, the case only as regards baryta, strontia, and ume ; 
of inagnesia we know that, owing to its disposition to form double Com- 
pounds with salts of ammonia, it precipitates ouly in part ; and that 
the presence of an additional salt of ammonia will altogether prevent its 
precipitation. To guard against anj uneertainty arising from this - 
cause, Chloride of ammonium is added previously to the addition of the 
carbonate of ammonia, and thus the precipitation of the magnesia is 
altogether prevented. 

We have now in Solution magnesia and the alkalies. The detection of 
magnesia may be effected by means of phosphate of soda and ammonia ; 
but its Separation requires a different method, since the presence of 
phosphoric acid would impede the further progi'ess of the analysis. 
The process which serves to effect the removal of the magnesia is based 
upon the insolubility of that earth in the pure State. The substance 
under examination is accordiugly ignited in order to expel the salt of 
ammonia, and the magnesia is then precipitated by means of baryta, the 
alkalies, together with the newly formed salt of baryta and the excess of 
the caustic baryta added, reraaining in Solution. By the addition of 
carbonate of ammonia, the Compounds of baryta are removed from the 
Solution, which now only contaius the fixed alkalies, the salt of ammonia 
formed, and the excess of the salt of ammonia added. If the salts of 
ammonia are then removed by ignition, the residue consists of the fixed 
alkalies alone. This method of separating the baryta afibrds the advan- 
tage over that of eflfecting the removal of that earth by means of sul- 
phuric acid, that the alkalies are obtained in the most convenient form 
for their subsequent individual detection and Isolation, viz., as Chlorides. 
But as carbonate of baryta is slightly soluble in salts of ammonia, and 
gives, upon evaporation with chloride of ammonium, carbonate of baryta 
and chloride of barium, it is usually necessary, after the expulsion of 
the salts of ammonia by ignition, to precipitate it once more with car- 
bonate of ammonia, in order to obtain a Solution pei-fectly free from 
baryta. Lastly, to effect the detection of the ammonia, a fresh portion 
of the substance must of course be taken. 

6. Detection dp the Acids. 

Before passing on to the examination for acids and saltradicals, the 
analyst should first ask himself which of these substances may be ex- 
pected to be present, from the natnre of the detected bases and the class 
to which the substance under examination belongs with respect to its 
ftolubility in water or acids, since this will save him the trouble of 
unnecessary experiments. Upon this point I refer the student to the 
table in Appendix IV., in which the various Compounds are arranged 
according to their several degrees of solubility in water and acids. 

The general reagents applied for the detection of the acids are, for thö 
inorganic acids chloride of barium and Nitrate of silver, for thd 
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organic acids Chloride of calcium and sesquichlobide of ibon. It is 
therefore indispensable that the analyst should first assure liimself 
whether the substance under examination contains only inorganic acids, 
or whether the presence of organic acids must also be looked for. The 
latter is invariably the case, if the body, when ignited, tums black, 
owing to Separation of carbon. — In the examination for bases the 
different reagents serve to effect the actual Separation of the scTeral 
groups of bases from each other ; but in the examination for acids thej 
senre simply to demonstrate the presence or absence of the acids belong- 
ing to the different groups. 

Let US suppose we h&ve an aqueous Solution containing the whole of 
the acids, in combination with soda, for instance. 

Baryta forms insoluble Compounds with sulphuric acid, phosphoric 
acid, arsenious acid, arsenic acid, carbonic acid, silicic acid, boradc 
acid, chromic acid, oxalic acid, tartaric acid, and citric acid ; fluoride of 
barium also is insoluble or, at leasV difficultlj soluble ; all these Com- 
pounds are soluble in hydrochloric acid, with the exception of sulphate 
of baryta. I^ therefore, to a portion of our neutral or, if necessary, 
neutralized Solution, we add, 

1. Chloride of Ba/riwm^ 

the formation of a precipitate will denote the presence of at least one 
of these acids. By treating the precipitate with hydrochloric acid, we 
leam at once whether sulphuric acid is present or not, as all the salts 
of baryta being soluble in this menstruum, with the exception of the 
sulphate, a residue lefb undissolved by the hydrochloric acid can oonsist 
only of the latter salt. When sulphate of baryta is present, the 
reaction with chloride of barium ^s to lead to the positive detection of 
the whole of the other acids enumerated. For upon filtering the hydro- 
chloric Solution of the precipitates and supersaturating the filtrate with 
ammonia, the borate, tarbrate, citrate, <bc., of baryta do not always fleJl 
down again, being kept in Solution by the chloride of ammonium formed. 
Por this reason, chloride of barium cannot serve to effect the actual 
Separation of the whole of the acids named, and except as regards sul- 
phuric acid, we set no value upon this reagent as a means of effecting 
their individual detection. StUl it is of great importance as a reagen^ 
since the non-formation of a precipitate upon its application in neutral 
or alkaline Solutions, proves at once the absence of so considerable a 
number of acids. 

The Compounds of silver with sulphur, chlorine, iodine, bromine, 
cyanogen, ferro- and ferricyanogen, and of the oxide of silver with phos- 
phoric acid, arsenious acid, arsenic acid, boracic acid, chromic acid, 
silicic acid, oxalic acid, tartaric acid, and citric acid, are insoluble in 
water. The whole of these Compounds are soluble in dilute nitric add, 
with the exception of the chloride, iodide, bromide, Cyanide, ferro- 
cyanide, ferricyanide, and sulphide of silver. K, therefore^ we add 
to our Solution, which, for the reason just now stated, must be perfecüy 
neutral, 

2. Nitrate of Süver, 

and precipitation ensues, this shows at once the presence of one or 
aeveral of the acids enumerated ; chromic add, amenic acid, and several 
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otherSy which form colored salts wlth silver, may be individually re« 
oognised with tolerable oertaintj by the mere oolor of the precipitate. 
By treating the precipitate now with nitric acid, we see whether it oon« 
tajns any of the haloid Compounds of silver, as these latter remain im- 
dissolved, whilst all the oxide salts dissolve. — ^Nitrate of silver £uls to 
e£feot the complete Separation of those acids which form with oxide of 
silver Compounds insoluble in water, from the same cause which renders 
the Separation of acids by chloride of barium uncertain, yiz. the ammo- 
niacal salt formed prevents the reprecipitation of several of the salts of 
silver by ammonia, from the acid Solution. Nitrate of silver, besides 
effecting the Separation of chloiine, iodine, bromine, cyanogen, <&c., and 
indicating the presence of chromic acid, &o,, serves, like the chloride of 
barium, to demonstrate at once the absence of a great many acids, where 
it produces no precipitate in neutral Solutions. 

The deportment which the Solution under examination exhibits with 
chloride of barium and with nitrate of silver, indicates therefore at once 
the furfcher course of the investigation. «Thus, for instance, where 
chloride of barium has produced a precipitate, whüst nitrate of silver has 
failed to do so, it is not necessary to test for phosphoric acid, chromic 
acid, boracic acid, silicic acid, arsenious acid, arsenic acid, oxalic acid, 
tartaric acid, and citric acid, provided always the Solution did not 
already contain salts of ammonia. The same is the case if we obtain a 
precipitate by nitrate of silver, but none by chloride of barium. 

Retuming now to the supposition which we have assumed here, viz., 
that the whole of the acids are present in the Solution under examina- 
tion, the reactions with chloride of barium and nitrate of silver would 
accordingly have demoustrated already the presence of sulphuric acid, 
and led to the application of the special tests for chlobike, bbomine, 

lODIXE, CYANOGEN, FERROCYANOGEN, PfiBRICYANOGEN, and SÜLFHÜR ;* 

and there would be reason to test for all the other acids precipitable by 
these two reagents. The detection of these acids is based upon the 
results of a series of special experiments, which have already been fully 
described and explained in the course of the present work : the same 
remark applies to the rest of the inorganic acids, viz.^ nitric acid and 
chloric acid. 

Of the organic acids, oxalic acid, paratartaric acid, and tartaric acid, 
are precipitated by chloride of calcium in the cold, in presence of 
chloride of ammonium ; the two former immediately, the latter often 
only afber some time ; but the precipitation of citrate of lime is pre- 
vented by the presence of salts of ammonia, and ensues only upon ebulli- 
tion or upon mixing the Solution with alcohol ; the latter agent serves 
also to effect the Separation of malate of lime from aqueous Solutions. 
If, therefore, we add to our fluid, — 

3. Chloride qf Calcium and Chloride of Ammonium, 

OXALIC Acn>, PARATARTARIC ACID, and TARTARIC ACID are precipitated, 
but the lime-salts of several inorganic acids, which have not yet been 
separated, phosphate of lime for instance, precipitate along with them. 
We must therefore select for the individual detection of the precipitated 
organic acids such reactions only as preclude the possibility of con- 

* For the BepaxaUon uid iq>6cial detection of these saUtanceii I reffr to § 1^7» 
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founding tbe organic acids with tbe inorganic acids that have been 
tbrown down along witb tbem. For tbe detection of oxalic acid we 
select accordingly Solution of suipbate of lime, witb acetic acid (§ 146); 
to effect tbe detection of tbe tartaric and paratartaric acids, we treat the 
precipitate produced by cbloride of calcium witb Solution of soda, sinoe 
tbe lirne-salts of tbese two acids only are soluble in tbis menstruum in 
tbe cold, but insoluble upon ebuUition. 

Of tbe organic acids we bave now still in Solution citric acid and malic 
acid, succinic acid and benzoic acid, acetic acid and formic acid. Citbio 
ACID and MALIC acid precipitate lipon addition of alcobol to the fluid 
flltered from tbe Oxalate, tartrate, &c., of lime, and wbicb still contains 
an excess of cbloride of calcium. Sulpbate and borate of lime iuvariablj 
precipitate along witb tbe malate and citrate of lime, if sulpburic acid 
and boracic acid bappen to be present ; tbe analyst must tberefore care« 
fully guard against confounding tbe lime precipitates of tbese acids with 
tbose of citric acid and malic acid. Tbe alcobol is now removed bj 
evaporation, and, — 

4. SesquicMoride ofiron 

added. Tbis reagent precipitates succinic acid and benzoic acid, in 
combination witb sesquioxide of iron, wbilst formic acid and acetic 
acid remain in Solution. Tbe metbods wbicb serve to effect tbe Sepa- 
ration of tbe several groups from eacb other, and tbe individual detec- 
tion of tbe various acids, bave been fullj described and explained in the 
former part of tbis work. 

B. Special Eemabks and Additions to the Ststematic Coubse 

OF Analysis. 

To § 187. 

At tbe commencement of § 187, tbe analyst is directed to mix neutral 
or acid aqueous Solutions witb bydrocbloric acid. Tbis sbould be done 
drop by drop. If no precipitate forms, a few drops are sufiicient, siuce 
tbe only objeot in tbat case is to acidify tbe fluid in order to prevent the 
subsequent precipitation of tbe metals of tbe iron group, by bydroeul- 
pbunc acid. In tbe case of tbe formation of a precipitate, some cbemists 
recommend tbat a fresb portion of tbe Solution sbould be acidified with 
nitric acid. However, even leaving tbe fact out of consideration that 
nitric acid also produces precipitates in many cases — in a Solution of 
potassio-tartrate of antimony, for instance — I prefer tbe use of bydro- 
cbloric acid, i,e. tbe complete precipitation by tbat acid of all tbat is 
precipitable by it, for tbe following reaaons : — 1. Metals are more rea- 
dily precipitated by bydrosulpburic acid from Solutions acidifled with 
bydrocbloric acid, than from tbose acidified witb nitric acid ; — 2. In 
cases wbere tbe Solution contains silver, suboxide of mercury, or lead, 
tbe furtber analysis is materially facilitated by tbe total or partial pre- 
cipitation of tbese tbree metals in tbe form of cblorides ; — and 3. This 
latter form is tbe best adapted for tbe individual detection of tbese tbree 
metals wben present in tbe same Solution. Besides, tbe application of 
bydrocbloric acid saves tbe necessity of examining wbetber tbe mercury, 
wbicb. may be subsequently detected witb tbe ötber metals of tbe flfl^h 
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group, was originally present in the form of oxide or in that of suboxide. 
That the lead, if present in large proportion, is obtained partly in the 
form of a chloride, and partly in the precipitate produced by hydro- 
sulphuric acid in the acid Solution, can hardly be thought an objection 
to the ap'plication of this method, as the removal of the larger portion of 
the lead from the Solution, effected at the commenQement, will only serve 
to facilitate the examination for other metals of the fifth and sixth 
groups. 

As already remarked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, or from some other 
analogous Compound, and precipitate along with the insoluble chloride 
of silver and subchloride of mercury, and the sparingly soluble chloride 
of lead. This precipitate, however, is readily soluble in the excess of 
hydrochloric acid which is subsequently added, and exercises therefore 
no influence whatever upon the further process. The application of heat 
to the fluid mixed with hydrochloric acid is neither necessary nor even 
advisable, since it might cause the conversion of a little of the preci- 
pitated subchloride of mercury into chloride. 

Should bismuth or chloride of antimony be present, the addition of 
the washings of the precipitate produced by hydrochloric acid to the 
first filtrate will cause turbidity, if the amouiit of free hydrochloric 
acid present is not sufficient to prevent the Separation of the basic 
salt. This turbidity exercises, however, no iufluence upon the 
further process, since hydrosulphuric acid as readily converts these 
finely-divided precipitates into sulphides, as if the metals were in actual 
Solution. 

In the case of alkaline Solutions, the addition of hydrochloric acid 
must be continued until the fluid shows a strongly acid reaction. The 
substance which causes the alkaline reaction of the fluid combines with 
the hydrochloric acid, and the bodies originally dissolved in that acid 
separate. Thus, if the alkali was present in the free state, oxide of zinc, 
for instance, or alumina, &c., may precipitate. But these oxides re- 
dissolve in an excess of hydrochloric acid, whereas chloride of silver 
would not redissolve, and chloride of lead only with diffioulty. If a 
metallic sulphur salt was the cause of the alkaline reaction, the sulphur 
acid, e. g., tersulphide of antimony, precipitates upon the addition of the 
hydrochloric acid, whilst the sulphur base, e. g., sulphide of sodium, trans- 
poses with the constituents of the hydrochloric acid, forming chloride of . 
sodium and hydrosulphuric acid. If an alkaline carbonate, a Cyanide, 
or the sulphide of an alkali metal was the cause of the alkaline reaction, 
carbonic acid, hydrooyanic acid, or hydrosulphuric acid escapes. All 
these phenomena should be carefully observed by the analyst, since they 
not only indicate the presence of certain substances, but demonstrate 
also the absence of entire groups of bodies. 

To § 188. 

A judicious distribution and economyof time is especially to be studied 
in the practice of analysis ; many of the Operations may be carried on 
simultaneously, which the Student will readily perceive and arrange for 
himself. 

In cases where the analyst has simply to deal with metallic oxides 
of the sixth group — c. g., teroxide of antimony — and of the fourth or fifth 
I. T 
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groTip — e. g., iron or bismuth — ^he need not precipitate the acidified Solu- 
tion with hydrosulphurio acid, bat may, after neatralization, at onoe add 
Halphide of ammonium in excess. The sulphide of iron, &c,f will in that 
case precipitate, whilst the antimonj, <fec., will remain in Solution, from 
which they will, by addition of an acid, at once be thrown doWki, as ter- 
sulphide of antimony, &c, This method has the advantage that the fluid 
18 diluted less than is the case where Solution of hydrosulphuric acid is 
employed, and that the Operation is performed more expeditiously and 
oonveniently than is the case where hydrosulphuric acid gas is conducted 
into the fluid. Finally, I must once more remind the Student that the 
perfect purity of the reagents, and their application in correct quantify, 
rank amongst the most indispensable conditions of successful analysis. 
This applies more particularly to hydrosulphuric acid, especially when 
used in the gaseous form. In such cases, students often lose sight 
of the circumstance that hydrosulphuric acid gas falls to precipitate 
highly acid Solutions unless Üiey be previously düuted with water. 

To § 191. 

Besides the methods described in the systematic course to distinguish 
between cadmium, copper, lead, and bismuth, the following process will 
also be found to give highly satisfactory results. Add carbonate of soda 
to the nitric acid Solution as long as a precipitate continues to form, then 
Solution of Cyanide of potassium in excess, and heat gently. This effects 
the complete Separation of lead and bismuth in the form of carbonates, 
whilst copper and cadmium are obtained in Solution in the form of 
Cyanide of copper and potassium, and Cyanide of cadmium and potassium. 
Lead and bismuth may now be readily separated from one another by 
means of sulphurio acid. The Separation of the copper from the cadmium 
is eflected by adding to the Solution of the cyanides of these two metak 
in Cyanide of potassium, hydrosulphuric acid in excess, gently heating, 
and then adding some more Cyanide of potassium, in order to redissolTe 
the sulphide of copper which may have precipitated along with the 
sulphide of cadmium. A residuary yellow precipitate (sulphide of 
cadmium), insoluble in the Cyanide of potassium, demonstrates the 
presenoe of cadmium. Filter the fluid from this precipitate, and add 
hydrochloric acid to the flltrate, when the formation of a black preci- 
, pitate (sulphide of copper) will demonstrate the presence of copper. 

To § 202. 

The analysis of cyanogen Compounds is not very easy in certain cases, 
and it is sometimes a difficult task even to ascertain whether we 
have really a Cyanide before us or not. However, if the reactions of 
the substance under exE^mination upon ignition (§ 174, A, I. 2, e [8]) 
be carefully observed, and also whether upon boiling with hydro- 
chloric acid any odor of hydrocyanic acid is emitted (§ 178, 2 [34])> 
the presence or absence of a Cyanide will generally not long remain a 
matter of doubt. 

It must above all be bome in mind that the insoluble cyanogen com- 
poimds occurring in pharmacy, &c., belong to two distinct classcs. Viz., 
they are either simple cyanides, or Compounds of metals with ferro- 
CTANoaEN or some other analogous Compound radicaL 
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All tlie simple cjanides are decomposed by boiling with concentrated 
hydrochloric acid, into metallic Chlorides and hydrocyanic acid. Their 
analysis is therefore never difficult. But the ferrocyanides, &c., to which 
indeed the method described § 202 more exclusively refers, suffer by 
acids such complicated decompositions that their analysis by means of 
acids is a task not so easily accomplished. Their decomposition by 
potassa (or soda) is far more simple. The alkali yields its oxygen to the 
metal combined with the ferrooyanogen, &c., the oxide thus formed pre- 
cipitates, and the reduced potassium or sodium forms with the liberated 
radical soluble ferrocyanide, &o., of potassium (or sodium, as the case may 
be). But several oxides are soluble in an excess of potassa, as, e. g,, oxide of 
lead, oxide of zinc, &c. If, therefore, the double ferrooyanide of zinc 
and potassium, for instance, is boiled with Solution of caustic potassa, it 
dissolves completely in that mensti*uum, and we may assume that the 
Solution contains ferrocyanide of potassium, and oxide of zino dissolved 
in potassa. Were we to add an acid to this Solution, we should of course 
simply re-obtain the original precipitate of the double ferrocyanide of 
zinc and potassium, and the experiment would consequently be of no 
avail. To prevent this failure, conduct hydrosulphurio acid into 
Uie Solution in potassa. This serves tö convert into sulphides all 
the heavy metals which the potassa holds in Solution as oxides. Those 
sulphides which are insoluble in potassa, such as sulphide of lead, sul- 
phide of zinc, (Sra, precipitate, whilst those which are soluble in alkaline 
Sulphides, such as bisulphide of tin, tersulphide of antimony, <&c., remain 
in Solution, and separate only upon the addition of an acid. 

The fluid flltered from the precipitated oxides and sulphides accoi*d- 
ingly always contains the cyanogen as ferrocyanide, <&c., of potassium—'- 
provided, of course, the analyzed Compound is really a double feiTO- 
cyanide, &€. From most of these Compounds — ^ferrocyanide, ferri- 
•cyanide, chromicyanide, and manganocyanide of potassium — ^the cyanogen 
partly separates as hydrocyanic acid, upon boiling the Solutions with 
£ulphuric acid, and may thus be readily detected by this means, should 
the direct way of detecting the radicals not succeed. But the cobalti^ 
Cyanide of potassium is not decomposed by sulphuric acid, and the analyst 
is accordingly directed to eifect the detection of the Compound radical in 
that Salt by means of Solution of nickel, manganese, zinc, &c. By fusion 
with nitrate of potassa, all these double Compounds sufler decomposition, 
«obalticyanide of potassium not excepted. The reason why the fusion 
of these double Compounds with nitrate of potassa should be preceded 
by evaporation with an excess of nitric acid, is simply to prevent the 
occurrence of explosions. Caution is always highly advisable in this 
Operation. 

If you simply wish to examine for certain bases in simple or Com- 
pound cyanides, and for that purpose to destroy the cyanogen Compound, 
mix the body under examination with 3 parts of sulphate and 1 
part of nitrate of ammonia, and heat in a porcelain crucible under a 
chimney, to carry off the fumes. Complete decomposition ensues even 
at a moderate heat, the whole of the Cyanide volatizing in form of 
Cyanide of ammonium and products of the decomposition of the latter, 
whilst the metals are left behind as sulphates {Bolley), 
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APPENDIX. 



I. 

DePORTMENT OF THE MOST IMPORTANT MeDICINAL AlKALOEDS WITH 
ReAGEKTS, and SySTEICATIC MeTHOD OF EFFECTIKO THE DETECTIOir 
OF THESE SUBSTANCES. 

§ 227. 

The detection and Separation of tbe vegeto-alkalies, or alkaloids, is s 
task of far greater difficulty than that of most of the inorganic basea 
Although this difficulty is in some measure owing to the circamstance 
that scarcely one of the Compounds which the alkaloids form with other 
substances is absolutelj iusoluble or particularlj oharacterized hy its 
color or any striking property, yet the principal cause of it must be 
ascribed to the want of accnrate and minate investigations of the salts 
and other Compounds of the alkaloids, and of the producta of iheir 
decomposition. We consequently generally see and apprehend the 
reactions only in their extemal manifestation, but without being able to 
connect them with the causes producing them, which makes it impos- 
sible to uuderstand all the conditions which may exercise a modifyiug 
influence. 

Although therefore, in the present imperfect State of our knowledge 
of these bodies, an attempt to define their deportment with reagents, aud 
base thereon a method of effecting their Separation, or, at least, their 
individual detection in })resence of each other, must of neoessity &11 
very short of perfection, yet, having made a great many experiraents on 
the nature and behavior of these sabstances, I will attempt here, for 
the benefit of young chemists, and more particularly pharmaceatists, to 
describe in some measure the reactions which the most important of the 
alkaloids manifest with other bodies, and to lay down a systematic method 
of effecting their individual detection. 

The Classification of the alkaloids into groups, which I have adopted, 
is based upon their deportment with certain general reagents. I have 
verified by numerous experiments the whole of the reactions described 
in the succecding paragraphs. 

L VoLATiLE Alkaloids. 

The Yolatile alkaloids are fluid at the common temperature, and maj 
be Yolatilized in the pure State as well as when mixed with water. 
They are accordingly obtained in the distillate when their salts are dis- 
tilled with strong fixed bases and water. Their vapors, when brought in 
contact with those of yolatile acids, form a white cloud. 
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1. NicoTiA, or Nicotine (C^^ H, N). 

§ 228. 

1. Nicotia, in its pure state, forms a colorless, oily liquid, of 1*048 
sp. gr. ; the action of air irnparts a yellowish or brownish tint to it. 
It boils at 482° F., suffering, however, partial decomposition in the 
process ; but, when heated in a stream of hydrogen gas, it distils over 
unaltered, between 212° and 392° F. It is miscible in all proportions 
with water, alcohol, and ether. 

Nicotia has a peculiar, disagreeable, somewhat ethereal, tobacco-like 
odor, an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly disappears ; it 
tums turmeric paper brown, and reddened litmus paper blue. Con- 
centrated aqueous Solution of nicotia shows these reactions more dis- 
tinctly than the alkaloid in the pure State. 

2. Nicotia has the character of a pretty streng base ; it precipitates 
metallic oxides from their Solutions, and forms salts with acids. The 
salts of nicotia are freely soluble in water and alcohol, insoluble in ether ; 
they are inodorous, but taste strongly of tobacco ; part of them are 
cry stall izable. Their Solutions, when distilled with Solution of potassa, give 
a distillate containing nicotia. By neutralizing this with oxalic acid, 
and evaporating, Oxalate of nicotia is produced, which may be freed 
from any admixture of Oxalate of ammonia, by means of spirit of wine, 
in which the former salt is soluble, the latter insoluble. 

3. If an aqueous Solution of nicotia, or a Solution of a salt of nicotia 
mixed with Solution of soda or potassa, is shaken with ether, the nicotia 
is dissolved by the ether ; if the latter is then allowed to evaporate on a 
watch-glass, the nicotia remains behind in drops and streaks ; on warming 
the watch-glass, it Tolatilizes in white fumes of streng odor. 

4. BicMoride of'plaJtinwm produces in aqueous Solutions of nicotia 
whitish-yellow, flocculent precipitates, On heating the fluid containing 
the precipitate, the latter dissolves, but upon continued application of 
heat it very speedily separates again in form of an orange-yellow, crys- 
talline, heavy powder, which, under the microscope, appears to be com- 
posed of roundish crystalline grains. If a rather dilute Solution of 
nicotia, supersaturated with hydrochlorio acid, is mixed with bichloride 
of platinum, the fluid at flrst remains clear ; after some time, however, 
the double salts separate in small crystals (oblique, four-sided prisms), 
clearly discemible with the naked eya 

. 5. Tercldoride ofgold produces a reddish-yellow, flocculent precipitate, 
sparingly soluble in hydrochloric acid. 

6. Solution of iodine in iodide qfpotassium and water, when added in 
small quantity to an aqueous Solution of nicotia, produces a yellow 
precipitate, which after a time disappears. Upon further addition 
of iodine Solution, a copious, kermes-colored precipitate separates ; but 
this also disappears again after a time. 

7. Solution of tannic acid produces a copious, white precipitate, 
which redissolves upon addition of hydrochloric acid ; but if a large 
quantity of hydrochloric acid is then added to the Solution, an abundant 
precipitate again makes its appearance. 

8. If an aqueous Solution of nicotia is added to a Solution of ckloride 
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of mercury in excess, an abnndant, flocculent, white precipitate is formed. 
If Solution of Chloride of ammonium is now added to the mixture in 
Biifficient quantity, the entire precipitate, or the greater part of it, redis- 
solves. Biit the fluid very soon tums turbid, and deposits a heavy, white 
precipitate. 

2. CoNiA, or CoNiNE (C„ Hj^ N). 

§ 229. 

1. Oonia forms a colorless, oily liquid^ of 0*89 sp. gr. ; the action of 
the air imparts to it a brown tint. In the pure State it boils at about 
392° F.; when heated in a stream of hydrogen gas, it distils over 
nnaltered ; but when distilled in yessels containing air, it tums brown 
and suflers partial decomposition ; with aqueous vapors it distils over 
freely. It dissolves sparingly in water, 100 parts of water of the com- 
mon temperature dissolving 1 part of conia. The Solution tums turbid 
on warming. Conia is miscible in all proportions with alcohol and ether. 
The aqueous and alcoholic Solutions manifest strong alkaline reaction. 
Conia has a very strong, pungent, repulsive odor, which affects the head, 
a most acrid and disagreeable taste, and very poisonous properties. 

2. Conia is a powerful base ; it accordingly precipitates metallic oxides 
from their Solutions, in a similar way to ammonia, and forms salts with 
acids. The salts of conia are soluble in water and in spirit of wine, but 
nearly insoluble in ether. The Solutions of the salts tum brownish upon 
evaporation with partial decomposition of the conia. The dry salts of 
conia do not smell of the alkaloid \ when moistened, they smell only 
feebly of it ; but upon addition of Solution of soda, they at once emit a 
strong conia odor. When salts of conia are distilled with Solution of 
soda, the distillate contains conia. On neutralizing this with oxalic 
acid, evaporating to dryness, and treating the residue with spirit of wine, 
the Oxalate of conia formed is dissolved, whilst any Oxalate of ammonia 
that may be present is lefb un dissolved. As conia is only sparingly 
soluble in water, and dissolves with still greater difficulty in Solutions 
of alkalies, a concentrated Solution of a salt of conia tums milky, upon 
addition of Solution of soda. The minute drops which separate unite 
gradually, and collect on the surface. 

3. If an aqueous Solution of a salt of conia is shaken with Solution of 
soda and ether, the conia is dissolved by the ether. If the latter is then 
allowed to evaporate in a watch-glass^ the conia is left behind in yel- 
lowish-colored, oily drops. 

4. Concentrated nitric acid imparts a fine blood-red tint to conia; 
svlph/wric acid, a purple-red color, which subsequently tums to olive- 
yellow. 

5. TercJdoride ofgold produces a yellowish-white precipitate, insoluble 
in hydrochloric acid ; chloride of mercury, a copious white precipitate, 
soluble in hydrochloric acid. Bichloride of platinum does not precipitate 
aqueous Solutions of salts of conia, the conia Compound corresponding 
to ammonio-bichloride of platinum being insoluble in spirit of wine and 
ether, but soluble in water. 

6. With Solution of iodine in iodide of potassium and water, and 
with Solution of tannic acid, conia comports itself the same as nicotia. 

7. Chlo^'ine water produces in a mixture of water and conia a strong, 
white turbidity. 
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The Yolatile alkaloids are easily reoognised when pure ; the great 
object of the analyst must accordingly always be to obtain them 
in that state. The waj of eifecting this is the same for nicotia as 
for cönia, and has already been given in the foregoiDg paragraphs, 
viz., to distil with addition of Solution of soda^ neutralize with oxalic 
acid; evaporate, dissolve in alcohol, evaporate the Solution, treat the 
residue with water, add Solution of soda, shake the mixture with ether, 
and let thö latter evaporate spontaneously. Conia is distinguished from 
nicotia chiefly bj its odor, its sparing solubilitj in water, and its com- 
portment with chlprine. 

II. NON-VOLATILE AlKALOIDS. 

The non-^olatile alkaloids are solid, and cannot be distilled over with 
water. 

FIBST GROUP. 
NON-VOLATILE AlKALOIDS WHICH ARE PRECIPITATED BT PoTASSA OR 

Soda from the Solutions of their Salts, and redissolve readilt 

IN AN EXCESS OF THE PrECIPITANT. 

Of the alkaloids of which I purpose to treat here, one onlj belongs to 
this group, yiz., 

+ 
MoRPHiA, or Morphine (C,^ H^^ N O^ = Mo). 

§ 230. 
+ 

1. Crystallized morphia (Mo + 2 aq.) usually appears in the form of 
colorless, brilliant, four-sided prisms, or, when obtained hy precipitation, 
as a white crystalline powder. It has a bitter taste, and dissolves very 
sparingly in cold, but somewhat more readily in boiling water. Of cold 
alcohol it requires about 90 parts by weight for Solution ; of boiling 
alcohol from 20 to 30 parts. The Solutions of morphia in alcohol as 
well as in hot water manifest distinctly alkaline reaction. This alkaloid is 
nearly insoluble in ether. At a moderate heat the crystallized morphia 
loses the two equivalents of water. 

2. Morphia neutralizes acids completely, and forms with them the 
SALTS OF MORPHIA. These salts are readily soluble in water, and in 
spirit of wine, but insoluble in ether ; their taste is disagreeably bitter. 
Most of them are crystallizable. 

3. Potasaa and ammonia precipitate from the Solutions of salts of 

+ 
morphia — ^generally only after some time — Mo + 2 aq., in the form of a 
white crystalline powder. Stirring and friction on the sides of the vessel 
promote the Separation of the precipitate, which redissolves with great 
readiness in an excess of potassa, but more difEicultly in ammonia. It 
dissolves also in chloride of ammonium and, though with difficulty only, 
in carbonate of ammonia. 

4. Ca/rbonate qf potassa and carbonate of soda produce the same pre- 
cipitate as potassa and ammonia, but fail to redissolve it upon addition 
in excess. Consequently if a üxed alkaline bicarbonate is added to a 
Solution of morphia in caustic potassa, or if carbonic acid is conducted 
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+ 
into the soution, Mo + 2 aq. separates,— especially after previous ebul- 
lition — in the form of a crjstalline powder. A more miaute inspection, 
particularly through a magnifying-glass, shows this powder to consist of 
small acicular crystals ; seen thr()ugh a glass which magnifies 100 times, 
these crystals present the form of four-sided prisms. 

ß. Bicarbonate of soda cmd hica/rboruUe of potaasa speedily produce ia 
Solutions of neutral salts of morphia a precipitate of hjdrated morphia, 
in the form of a crystalline powder. The precipitate is insoluble in an 
excess of the precipitants. These reagents fail to precipitate acidified 
Solutions of salts of morphia in the cold. 

6. The actiou of streng nitric acid upon morphia or one of its salts, 
in the solid state or in concentrated Solutions, produces a fluid varying 
from red to yellowish-red. Dilute Solutions do not chang€ their color 
upon addition of nitric acid in the cold, but upon heating they acquire a 
yellow tint. 

7. Neviral sesquicMoride qfiron imparts to- neutral Solutions of salts 
of morphia a beautiful dark blue color, which disappears upon the addi- 
tion of an acid. If the Solution contains an admixture of animal or 
vegetable extractive matters, or of acetates, the color will appear clouded 
and less di^tinct. 

8. If iodic acid is added to a Solution of morphia or of a salt of mor- 
phia, lODiNE separates. In concentrated aqueous Solutions the separated 
iodine appears as a kermes-brown precipitate, whilst to alcoholic and 
dilute aqueous Solutions it imparts a brown or yellowish-brown color. 
The addition of starch-paste to the fluid, no matter whether made before 
or after that of the iodic acid, considerably heightens the delicacy of the 
reaction, since the blue tint of the iodide of starch remains still percep- 
tible in exceedingly dilute Solutions, which is not the case with the brown 
color imparted by iodiue. As other nitrogenous bodies (albumen, caseine, 
fibrine, &c.) likewise reduce iodic acid, this reaction has only a relative 
value. 

SECOND GEOUP. 
NON-VOLATILE AlKALOIDS WHICH ARE PRECIPITATED BY POTASSA PROM 

THE Solutions of their Salts, but dg not redissolve to a per- 

CEPTIBLE EXTENT IN AN ExCESS OF THE PrECIPITANT, AND ARE PRE- 
CIPITATED BY Bicarbonate of Soda even from Acm Solutions, 
if the latter are not diluted in a larger proportion than 1 : 100 ; 
Narcotina, Quina, Cinchonia. 

+ 
a. Narcotina, or Narcotine (C^ H^, N O^^ = Na). 

§ 231. 
+ 
1. Crystallized narcotina (Na + aq.) appears usually in the form of 
colorless, brilliant, straight rhombic prisms, or, when precipitated by 
alkalies, as a white, loose, crystalline powder. It is insoluble in water. 
Alcohol and ether dissolve it sparingly in the cold, but somewhat more 
readily upon heating. Solid narcotina is tasteless, but the alcoholic and 
ethereal Solutions are intensely bitter. Narcotina does not alter vege- 
table colors. At 338° F. it fuses, with loss of 1 eq. of water. 
' 2. Karcotina dissolves readily in acids, combining with them to salts. 
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These salts have inyariably an acid reaction. Those with weak acids are 
decomposed by a large amount of water, and, if the acid is volatile, even 
upon simple evaporation. Most of the salts of narcotina are amorphous, 
and soluble in water, alcohol, and ether ; they have a bitter taste. 

3. Pure aJJccdieSy and alkcUine carboncUes and bicarbcmates, immediately 

+ 
precipitate from the Solutions of salts of narcotine (Na + aq.) in the 
form of a white powder, which, seen through a lens magnifying 100 
times, appears an aggregate of small crystalline needles. The precipi- 
tate is insoluble in an excess of the precipitants. If a Solution of 
narcotina is mixed with ammonia, and ether added in sufficient quan- 
tity, the narcotina which has separated upon the addition of the am- 
monia, redissolves in the ether, and the clear fluid presents two distinct 
layers. If a drop of the ethereal Solution is evaporated in a watch- 
glass, the residue is seen, upon inspection through a lens magnifying 
100 times, to consist of small, distinct, elongated, and lance-shaped 
crystals. 

4. Concentrated nüric add dissolves narcotina to a colorless fluid, 
which acquires a pure yellow tint upon application of heat. 

Ö. Concentrated sulphwric acid dissolves narcotina to a yellow fluid, 
which tums brown upon application of heat. A Solution of narcotina 
in concentrated sulphuric acid containing a slight admixture of nitric 
acid, appears of an intense blood-red color, which disappears altogether 
Upon the addition of a somewhat larger amount of nitric acid. 

6. If the Solution of a salt of narcotina is mixed with cMorine water, 
it acquires a yellow color, sligbtly iuclining to green ; if ammonia is 
then added, a much more intensely colored, yellowish-red fluid is 
obtained. 

7. If narcotina or one of its salts is dissolved in an excess of dilute 
stdphuric acid, some finely levigated hinoxide of manganese added, the 
mixture heated to boiling, and kept in ebullition for the space of several 
minutes, the narcotina absorbs oxygen and is converted into opianic 
acid, cotamine (a base soluble in water), and carbonic acid. Ammonia 
will now of course fail to precipitate narcotina from the flltrate. 

+ 
h, QüiNA, or QuiNiNE (C^^Hj^NjO^ = Q). 

§ 232. 
+ 

1. Crystallized quina (Q + 2aq.) appears either in the form of fine 
crystalline needles of silky lustre, which are frequently aggregated into 
tiifts, or as a loose white powder. It is sparingly soluble in cold, but 
somewhat more readily in hot water. It is readily soluble in spirit of 
wine, both cold and hot, but less so in ether. The taste of quina is in- 
tensely bitter ; the Solutions of quina manifest alkaline reaction. Upon 
exposure to heat it loses the 2 eq. of water. 

2. Quina neutralizes acids completely. The salts taste intensely 
bitter ; most of them are crystallizable, and for the greater part readily 
soluble in water and in spirit of wine. Acid Solutions reflect a bluish 
tint. 

3. JPotassa, ammonia, and the neutral carbonates of the alkatiea, pro- 
duce in Solutions of salts pf quina (if they are not too dilute) a white, 
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loose, piilveralent precipitate of hydrated qnina, which immediately 
after precipitation appears opaque and amorphous under the micro- 
SGope, but assumeSy afber the lapse of some time, the appearanoe of an 
aggregate of crystalline needles. The precipitate redissolves only to a 
scarcely peroeptible extent in an excess of potassa^ but more readilj in 
ammonia. It is hardly more soluble in fixed alkaline carbonates than 
in pure water. If a Solution of quina is mixed with ammonia» ether 
added, and the mixture shaken, the quina which has separated upon the 
addition of the ammonia, redissolves in the ether, and the clear fluid 
presents two distinct lajers. In this point quina differs essentiallj from 
cinchonia ; by means of this reaction the former may therefore be readily 
detected in presence of the latter, and separated irom it. 

4. Bica/rhoncUe of aoda also produces both in neutral and acid Solu- 
tions of salts of quina a white precipitate. In acidified Solutions con- 
taining 1 part of quina to 100 parts of acid and water, the precipitate 
forms immediately; — if the proportion of the quina to the acid and 
water is as 1 : 150, the precipitate separates only after an hour or two, 
in the form of distinct needles, aggregated into groups. If the propor- 
tion is as 1 : 200, the fluid remains clear, and it is only after from twelve 
to twenty-four hours* standing that a slight precipitate makes its appear- 
ance. The precipitate is not altogether insoluble in the precipitant, and 
the Separation is accordingly the more complete, the less the excess of 
the predpitant ; the precipitate contains carbonic acid. 

5. ConcerUrated nitric acid dissolves quina to a colorless fluid, tuming 
yellowish upon application of heat. 

6. The addition of cMorine tvater to the Solution of a salt of quina 
faüs to impart a color to the fluid, or, at least, imparts to it only a yery 
£tint tint ; but if ammonia is now added the fluid acquires an intensely 
emerald-green color. If, after the addition of the chlorine water some 
Bohxiion of /errocyanideqf potasaium is added, and after this a few drops 
of ammonia or some other alkali, the fluid acquir^ a magnificent deep 
red tint, which, however, speedily changes to a dirty brown. This 
reaction is delicate and characteristic. Upon addition of an acid* to 
the red fluid, the color vanishes, but reappears afterwards upon cautious 
addition of ammonia. {0. Livoniu8* Letters ; Ä. Vogel.) 

7. Concentrated mtphuric acid likewise dissolves pure quina and pure 
salts of quina to a colorless fluid, which does not acquire any coloration 
upon being heated to the point of incipient evaporation of the sulphoric 
acid, but tums afterwards yellow, and finally brown. Sulphuric acid 
containing an admixture of nitric acid dissolves quina to a colorless or 
very faint yellowish fluid. 

+ 
c. Cinchonia, or Cinchonine (0^ H,^ N, 0, = Ci). 

§ 233. 

1. Cinchonia appears either in the form of transparent, brilliant, four- 
sided prisms, or flne white crystalline needles, or, when precipitated 
from concentrated Solutions, as a loose white powder. At flrst it appears 
tasteless, but after some time the bitter taste of the bark becomes per- 
oeptible. It is nearly insoluble in cold water, and dissolves only with 

* Acetic acid answers the purpose best. 
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exoeeding difficulty in hot water ; it dissolves sparingly in cold dilute 
spirit of wine, more readily in hot spirit of wine, and the most freely 
in absolute alcohol. From hot alcoholio Solutions the greater portion of 
the dissolved cinchonia separates upon cooling in a crystalline form. 
Solutions of cinchonia taste bitter, and manifest alkaline reaction. Cin- 
chonia is insoluble in ether.* 

2y Cinchonia neutrali2ses acids completely. The salts have the bitter 
taste of the bark ; most of them are crystallizable ; they are generallj 
more readily so] üble in water and in spirit of wine than the correspond- 
ing quinn Compounds. Ether fails to dissolve them. 

3. Cinchonia, when heated cautiously, fuses at first without loss of 
water ; subsequently white fumes arise which, like benzoic acid, con- 
dense upon cold substances, in the form of small brüliant needles, or as 
a loose Sublimate, a peculiar aromatic odor being exhaled at the same 
time. If the Operation is conducted in a stream of hydrogen gas, long, 
brilliant prisms are obtained (Hlasiwetz), 

4. Pota8sa,cmym(miay and the neutral carhonates ofihe alkalies produce 
in Solutions of salts of cinchonia a white, loose precipitate of cinchonia, 
which does not redissolve in an excess of the precipitants. If the Solu- 
tion was concentrated, the precipitate does not exhibit a distinctly 
crystalline appearance, even though viewed through a lens magnifying 
200 times ; but if the Solution was so dilute that the precipitate formed 
only afber some time, it appears under the microscope to consist of dis- 
tinct crystalline needles aggregated into star-shaped tufks. 

5. Bicarhonate of soda and bicarbonate of potassa precipitate cin- 
chonia in the same form as in 4, both from neutral and acid Solutions, 
but not so completely as the simple carbonates of the alkalies. In Solu- 
tions containing 1 part of cinchonia to 200 parts of water and acid, the 
precipitate still forms immediately ; its quantity increases after standing 
some time. 

6. Concentrated sulphuric acid dissolves cinchonia to a colorless fluid, 
which upon application of heat first acquires a brown, and finally a 
black color. Addition of some nitric acid leaves the Solution colorless 
in the cold, but upon application of heat the fluid, after passing through 
the intermediate tints of yellowish-brown and brown, turns finally 
black. 

7. The addition of chlorine water to the Solution of a salt of cinchonia 
fails to impart a color to the fluid ; if ammonia is now added, a yel- 
lowish- white precipitate is formed. 

JRecapitulation and Bema/rks. 

§ 234. 

The alkaloids of the second group are altered or precipitated by 
various other reagents besides those mentioned above; the reactions 
are, however, not adapted to eflißct their individual detection and Sepa- 
ration. Thus, for instance, bichloride of platinum produces in Solutions 
of the salts of the three alkaloids belonging to this group, a yellowish- 

* The cinchonia of commerce usnally contains in admixture another alkaloid, called 
cinchotina, which is soluble in ether, This alkaloid crystallizes in large rhomboidal crys- 
tals of brilliant lustre, which fnse at a high temperature, and cannot be sublimed, even 
in a stream of hydrogen gas {Hlasiwetz), 
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white precipitate, chloride of mercurj a white precipitate, tincture of 
galls a yellowish -white, flocculent precipitate, &c. 

Narcotina and quina being soluble in ether, whilst cinchonia is inso- 
lable in that menstruum, the former may be most readilj separated bj 
this means from the latter alkaloid. For this purpose the analjst need 
simply mix the Solution of the three alkaloids with ammonia in excess, 
then add ether, and separate the Solution of quina and narcotine &om 
the undissolved cinchonia. If the ethereal Solution is now evaporated, 
the residue dissolved in hjdrochloric acid and a sufficient amount of 
water to make the dilution as 1 : 200, and bicarbonate of sodi^ is then 
added, the narcotina precipitates, whilst the quina renudns in Solution. 
Bj evaporating the Solution, and treating the residue with water, the 
quina is obtained in the free State. 

THIRD OBOUP. 
NON-yOLATILE AlKALOIDS WHICH ARE PRECIPITATED BT POTASSA FROIT 

THE Solutions of their Salts, and do not redissolve to a per- 

CEPTIBLE EXTENT IN AN ExCESS OF THE PrECIPITANT ; BUT ARB NOT 

PRECIPITATED FROM (even somcwhat concentrated) Acid Solutions bt 
THE BiCARBONATES OF THE FiXED Alkalies : Stryolmia, Brucia» 
Veratria. 

a. Strychnia, or Stryohnine (C^H^N^O^ =.Sr). 

§ 235. 

1. Strychnia appears either in the form of white, brilliant rhombic 
prisms, or, when produced by precipitation or rapid evaporation, as a 
white powder. It has an exceedingly bitter taste. It is nearly inso- 
luble in cold, and barely soluble in hot water. It is insoluble in abso- 
lute alcohol and ether, and difficultly soluble in dilute spirit of wine. 
It does not fuse when heated. It is exceedingly poisonous. 

2. Strychnia neutralizes acids completely. The salts of strychnia are, 
for the most part, crystallizable ; they are soluble in water. All the 
salts of strychnia have an intolerably bitter taste and are exceedingly 
poisonou& 

3. Fotaasa and carhonate of soda produce in Solutions of salts of 
strychnia white precipitates of strychnia, which are insoluble in an exoess 
of the precipitants. Yiewed through a lens magnifying one hundred 
times the precipitate appears as an aggregate of small crystalline needles. 
From dilute Solutions the strychnia separates only afber the lapse of some 
time, in the form of crystalline needles, which are distinctly visible even 
with the naked eye. 

4. Ärrvmonia produces the same precipitate as potassa. The preci- 
pitate redissolves in an excess of ammonia, but afber a short time— or if 
the Solution is highly dilute, after a more considerable lapse of time — the 
strychnia crystallizes from the ammoniacal Solution in the form of needles, 
which are distinctly visible with the naked eye. 

5. Bicarbonate of 8oda produces in neutral Solution of salts of strychnia 
a precipitate of strychnia, which separates in üne needles shortly after 
the addition of the reagent, and is insoluble in an excess of the preci- 
pitant. But upon adding one drop of acid (so as to leave the fluid still 
alkaline) the precipitate dissolves readily in the liberated carbonic acid. 
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The addition of bicarbonate of soda to an acid Solution of strychnia catises 
no precipitation, and it is only afber the lapse of twenty-four hours, or 
even a longer period, that strychnia ciystallizes from the fluid in distinct 
prisms, in proportion as the free carbonicacid escapes. If a concen- 
trated Solution of strychnia, supersaturated with bicarbonate of soda, is 
boiled for some time, a precipitate forms immediately ; from dilute 
Solutions this precipitate separates only after concentration. 

6. Sulphocycmide of potassium produces in concentrated Solution of 
salts of strychnia immediately, and in dilute Solutions after the lapse of 
Bome time, a white crystalline precipitate, which appears under the 
microscope as an aggregate of flat needles, truncated or pointed at an 
acute angle, and is but little soluble in an excess of the precipitant. 

7. On putting a drop of concentrated 8vlphv/nc acid in a watch-glass, 
and adding to it some strychnia or a little of a salt of strychnia, Solution 
ensues without any particular reaction ; but if a drop of Solution of 
Chromate of potassa is now added to the fluid, the latter instantly 
acquires a deep blue color, which speedily changes to red {Otto), If the 
strychnia is rubbed together with binoxide of lead and concentrated 
Bulphuric acid containing 1 per cent. of nitric acid, the mass acquires 
first a blue, then a violet color, which changes to red, and, finally, to 
greenish-yellow (JE, Ma/rchand), The former reaction {Otto^s) loses in 
distinctness, or even altogether falls to manifest itself, if the substance 
contains admixtures of some other organic Compounds, e. g,, quina, sugar 
(Brieger). But by the second method {MarcharuTa) strychnia may be 
clearly detected even when mixed with much sugar. Ferricyanide of 
potassium also will produce the same reaction ( W, Davy) ; with this 
oxidizing agent the change from violet to red and yellow takes place 
more slowly. 

8. Chloride of mercni/ry produces in Solutions of salts of strychnia a 
white precipitate, which changes after some time to crystalline needles 
aggregated into stars, and distinctly visible through a lens. Upon 
heating the fluid these crystals redissolve, and upon subsequent cooling 
of the Solution the double Compound recrystallizes in distinct needles. 

9. Streng chlorine water produces in Solution of salts of strychnia a 
white precipitate, which dissolves in ammonia to a colorless fluid. 

10. Concentrated nitric add dissolves strychnia and its salts to a oolor- 
less fluid, which becomes yellow upon the application of heat. 

+ 
h, Brucia, or Bbucine (C^, H,^ N, 0^ = Br). 

+ § 236. 

1. Crystallized brucia (Br + 7 aq.) appears either in the form of trans- 
parent, straight rhombic prisms, or in that of crystalline needles aggre- 
gated into stars, or as a white powder composed of minute crystalline 
scales. Brucia is difficultly soluble in cold, but somewhat more readily 
in hot water. Both absolute and dilute alcohol dissolve it freely, but it 
is insoluble in ether. Its taste is intensely bitter. When heated, it 
fuses with loss of its water of crystallization. 

2. Brucia neutralizes acids completely. The salts of bi*ucia are readily 
soluble in water, and of an intensely bitter taste. Most of them are 
crystallizable. 

3. Potasm and carbonate of 9oda throw down from Solutions of salts 
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of bmcia a white precipitate of brucia» whicli is insoluble in an excess of 
the precipitant. Yiewed under the microscope, immediately after pre- 
cipitation, it appears to consist of very minute grains ; bat, upon further 
inspection, these grains are seen — with absorption of water — to suddenly 
form into needles, which latter subsequentlj arrange themselves into 
concentric groups. These snccessive changes of the precipitate maj be 
traced distinctly even with the naked eye. 

4. Ämmonia produces a whitish precipitate in Solutions of sali» of 
brucia, which appears at first like a number of minute drops of oil, bat 
changes subsequentlj — with absorption of water — to small needles. The 
precipitate redissolves, immediately after Separation, very readily in an 
excess of the precipitant, bat afber a very short time— or, in dilnte 
Solutions, after a more considerable lapse of time — ^the bmcia, combined 
with crystallization water, crystallizes from the ammoniacal fluid in 
small concentrically grouped needles, which addition of ammonia ßdls to 
redissolve. 

5. Bicarhonate qfsoda produces in neutral Solutions of salts of brucia 
a precipitate of brucia, combined with crystallization water ; this pre- 
cipitate separates after the lapse of a short time, in form of concentrically 
aggregated needles of silky lustre, which are insoluble in an excess of 
the precipitant, but dissolve in free carbonic acid (compare strychnia). 
Blcarbonate of soda falls to precipitate acid solutioDS of salts of brucia ; 
and it is only after the lapse of a considerable time that the alkaloid 
separates from the fluid in regulär and comparatively large cr3rstals, in 
Proportion as the carbonic acid escapes. 

6. ConcentrcUed nUric acid dissolves bracia and its salts to intensdy 
red fluids, which subsequently acquire a yellowish-red tint, and tum com- 
pletely yellowupon application of heat. Upon addition of protochloride of 
tin or sulphide of ammonium to the fluid heated to this point, no matter 
whether concentrated or afber düution with water, the üunt yeUow color 
changes to a iqiost intense violet. 

7. Addition of chlorine water to the Solution of a salt of brucia imparts 
to the fluid a flne bright red tint ; if ammonia is then added, the red 
color changes to yellowish-brown. 

8. Concentrated sulphwric add dissolyes brucia to a faint rose-colored 
fluid. 

9. Svlphocyamde of *potas8iv/rn produces in concentrated Solutions of 
salts of brucia immediately, and in dilute Solutions after some time, a 
granulär crystalline precipitate, which, when viewed under the micro- 
scope, appears composed of variously ag^egated polyhedral crystalline 
grains. Friction applied to the sides of the vessel promotes the Separa- 
tion of the precipitate. 

10. Chloride of viercury also produces a white granulär precipitate, 
which, when viewed under the microscope, appears composed of small 
round crystalline grains. 

+ 
c. Veratria, or Verateine (C,^ H^^ N OJ Ve, 

§237. 

1, Verat'tia appears genei^ally as a pure white, yellowish or greeniah- 
white powder, of acrid and burning, but not bitter taste ; it is ex- 
ceedingly poisonous. Yeratria acts with great energy upon the mem- 
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branes of the nose ; even the most minute quantitj of the powder 
excites the most violent sneezing. It is insoluble in water ; in alcohol 
it dissolves readily, but more sparinglj in ether. At a gentle heat it 
fases like wax, and solidifies upon cooling to a transparent yellow 
mass. 

2. Yeratna neutralizes acids completely. Some salts of veratria are 
ciystallizable, others dry up to a gummy mass. They are soluble in 
water, and of acrid and buming taste. 

3. Potassia^ arnfnonia, and the simple carhonates of the alkdlies pro- 
duce'in Solutions of salts of veratria a flocculent, white precipitate, which, 
viewed under the microscope, immediately after precipitation, does not 
appear crystalline. After the lapse of a few minutes, however, it alters 
its appearance, and small scattered Clusters of short prismatic crystals are 
observed, instead of the original coagulated flakes. The precipitate does 
not redissolve in an excess of potassa, and of carbonate of potassa. It is 
slightly soluble in ammonia, in the cold, but the dissolved portion 
separates again upon application of heat. 

4. With bicarbonate of soda and hicarhonate of potassa the salts of 
veratria comport themselves like those of strychnia and brucia. How- 
ever, upon boiliug, the veratria separates readily, even from dilute 
Solutions. 

5. If veratria is acted upon with concentrated nitric acid, it agglu- 
tinates into small resinous lumps, which afterwards dissolve slowly in the 
acid. The Solution presents a faint reddish-yellow color. 

6. If veratria is treated with concentrated sulphuric acid, it also 
agglutinates at first into small resinous lumps ; but these dissolve with 
great readiness to a pale yellow fluid, the color of which gradually 
increases in depth and iutensity, and chauges afterwards to a reddish-r 
yellow, then to an intense blood-red, subsequently to crimson, and finally 
to violet. 

7. Sulphocyomide ofpotassium produces only in concentrated Solutions 
of salts of veratria flocculent-gelatinous precipitates. 

8. Addition of chlorine-water to the Solution of a salt of veratria 
imparts to the fluid a yellowish tint, which, upon addition of ammonia, 
changes to a faint brownish color. In concentrated Solutions chlorine 
produces a white precipitate. 

RecapUidations and Bemarks, 

§238. 

The alkaloids of the third group also are precipitated by many other 
reagents besides those above-mentioned, as, for instance, by tincture of 
galls, bichloride of platinum, &c. But as these reactions are common to 
all, they are of little importance in an analytical point of view. 

Strychnia may be separated from bnicia and veratria by means of 
absolute alcohol, since it is insoluble in that menstruum, wlulst the two 
latter alkaloids readily dissolve in it. The identity of strychnia is best 
established by the reaction with sulphuric acid and Chromate of potassa, 
or with binoxide of lead or ferricyanide of potassium ; also by the form 
of its crystals — when thrown down by alkalies — viewed under the micro- 
scope ; and lastly, by the form of the precipitate which sulphocyanide of 
potassium and chloride of mercury produce in Solutions of its salts. 
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Brucia and veratria are not readilj separated from one another^ bat may 
be detected in presence of each other. The identity of bnicia b best 
established by the reactions with nitric acid and protochloride of tin or 
sulphide of aramonium, or by the form of the precipitate which ammoDia 
proiduces in Solutions of salts of brucia. Veratria is sufficiently dis- 
tinguished from brucia and the other alkaloids which we have treated of, 
by its characteristic deportment at a gentle heat, and also by the form 
of the precipitate which alkalies produce in Solutions of its salts. To 
distinguish veratria in presence of brucia, the reaction with concentrated 
sulphuric acid is employed. 

To these alkaloids I will add aodicme^ although this substance does not 
properly belong to the same class of chemical Compounds. 

§ 239. 
Salicinb (C^H^gOj^). 

1. Salicine appears either in the form of white crystalline needles and 
scales of silky lustre, or, when the crystals are very small, as a powder 
of silky lustre. It has a bitter taste, is readily soluble in water and in 
alcohol, but insoluble in ether. 

2. No reagent precipitates salicine as such. 

3. If salicine is treated with concentrated aulphwric acid, it aggluti- 
nates into a resinous lump, and acquires an intensely blood-red color, 
without dissolviiig in the acid ; the color of the sulphuric acid is at first 
unaltered. 

4. If an aqueous Solution of salicine is mixed with hydrochloric acid 
or düute sulphv/ric a^sid, and the mixture boiled for a short time, the 
fluid suddenly become» turbid, and depösits a finely granulär crystalline 
precipitate (saliretine). 

Systematio Course für the Detection dp the Alkaloids treated 
op IN the preceding Paragraphs, aio) op Salicine. 

§ 240. 

The analytical course which I am now about to describe is based upon 
the supposition that the analyst haa to examine a concentrated aqueous 
Solution — effected by the ageucy of an acid — of one or several of the non- 
Yolatile alkaloids, which Solution is free from any admixture of substauces 
that might tend to obscure or modify the reactions. For the modifica- 
tions which the presence of coloring or extractive matters, <kc., requires, 
I refer to § 243. 

I. Detection op the Alkaloids, and op Salicine, in Solutions 

SÜPPOSED TO CONTAIN ONLY ONE OP THESE SüBSTANCEa 

§241. 

1. Add dilute Solution of potassa or soda drop by drop to a portion of 
the aqueous Solution, until the fluid acquires a scarcely perceptible alka- 
line reaction ; stir, and let the fluid stand for some time. 

a. No PRECIPITATE IS FORMED ; this proYcs the total absenoe of the 
alkaloids, and indicates tho presence of salicine. To set all doubt at 
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rest, test the original substance with concentrated sulphuric acid, and 
also with hydrochloric acid. Coiupare § 239. 

6. A PRECiPiTATE IS FOBSIED. Add solution of potassa or soda, drop 
bj dropy UDÜl the fluid manifests a strongly alkaline reaction. 

CL, The precipücUe redissolves : morphia. To arrive at a positive 
conclusion on this point, test another portion of the Solution with 
iodic acid (§ 230, 8), and a portion of the original substance with 
nitric acid (§ 230, 6). 

ß. Ths precipUate retnains undissolved : Presence of an alkaloid 
of the second or third group. Pass on to 2. 

2. Add to a second portion of the original Solution two or three drops 
of dilute sulphuric acid, and then a saturated Solution of bicarbonate of 
soda until the acid reaction is just neutralized ; vigorously rub the inside 
of the vessel, and allow the mixture to stand for half an hour. 

a. No PRECIPITATE IS FOBHED : Absence of uarcotina and cinchonia. 
Pass on to 3. 

h. A PRECIPITATE IS FORHED : Narcotina, cinchonia, and perhaps also 
quina, as the precipitation of the latter substance by bicarbonate of soda 
depends entirely upon the degree of dilution of the fluid. Add to a 
portion of the original Solution ammonia in excess, then a sufiQlcient 
quantity of ether, and shake the mixture. 

a. The precipüate which forma at first upon ilie addition of the 
äminonia redissolves in tlw ether, and the clear ßuid presents two 
distinct layers : narcotina or quina. To distinguish between the 
two, test a fresh portion of the original Solution with chlorine water 
and ammonia. If the Solution turns green, quina, if yellowish-red, 
NARCOTINA is present. 

ß, The precipitate which fonns upon tlie addition of ammonia does 
not redissolve in tive etiler : cinchonia. The deportment of cinchonia 
at a high temperature may serve as a concluaive test (§ 233, 3). 

3. Put a portion of the original substance, or of the residue remainiug 
upon the evaporation of the Solution, in a watch-glass, and treat with 
€oncentrated sulphuric acid. 

a, A rose-colored Solution is obfcained, which becomes intensely red 
upon addition of nitric acid : brucia. The reaction with nitric acid and 
protochloride of tin is resorted to as a conclusive test (§ 236, 6). 

h. A yellow Solution is obtained, the color of which gradually changes 
to yellowish-red, then to blood-red, and turns finally crimson : veratria, 

c. A colorless fluid is obtained, which remains colorless after standing 
for some time. 

Add to the fluid a drop of Chromate of potassa j if this imparts to it a 
deep blue color, strychnia is present ; if it leaves the fluid unaltered, 
4;2üiNA is present. The reaction with chlorine water and ammonia is 
resorted to as a conclusive test. 

II. Detection op the Alkaloids, and op Salicine, in Solutions 

SUPPOSED TO CONTAIN SEVERAL OR ALL OF THESE SUBSTANCES. 

§ 242. 

1. Add to a portion of the aqueous Solution dilute Solution of potassa 
or soda, drop by drop, until the fluid acquires a scarcely perceptible alka- 
line reaction ; stir, and let the fluid stand for some time. 

a. No PRECIPITATE IS FQRMED ; this proves the total absence of the 
I. u 
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alkaloids^ and indicates the presence of salicine. To remove all doubt 
on the point, tesfc tho origiual substance with concentrated Etalpharic add. 
and with hydrochloric acid. Compare § 241, 1, a. 

b, A PRECiPiTATE IS FORMED : acld solution of potassa or 8oda^ drop hy 
drop, until tbe fluid manifests a stronglj alkaline reaction. 

a. The precipüate redissolves. Absence of tbe alkaloids of the 

second and tbird group. Presence of morphia- is indicated. The 

reactions with iodic acid (§ 230, 8), and witb nitric acid (§ 230, 6), 

are resorted to as conclusive tests. Examination for salicine, see 4. 

ß. Tlie precipüate does not rediasolve, or at hast not completdij, 

Filter, and treat tbe precipitate as directed in 2. Satnrate the 

filtrate witb carbonic acid, or mix it witb bicarbonate of soda or 

bicarbonate of potassa, and boil nearly to dryness. Treat the residue 

witb water ; if it dissolves completelj, tbis is a sign tbat no morphia 

is present ; but if tbere is an insoluble residue lefb, tbis indicates 

tbe presence of morpbia. Tbe reactions witb iodic acid (§ 230, 8), 

and witb nitric acid (§ 230, 6), are resorted to as conclusive tests. 

2. Wasb tbe filtered precipitate of 1, 6, ß, witb cold water, dissolve in 

a slight excess of dilute sulphuric acid, and add Solution of bicarbonate 

c^ soda to the fluid until tbe acid reaction is neutralized ; stir the mix- 

ture, vigorouslj rubbing tbe sides of tbe vessel, and allow the fluid to 

stand for an bour. 

a. No precipitate is formed. Absence of narcotina and cinchonia. 
Boil tbe Solution nearly to dryness, and treat the residue with cold water. 
If it dissolves completely, pass on to 4 ; but if an insoluble residue is 
left, examine tbis for quina — of which a minute quantily might be 
present — and for strychnia, bi*ucia, and yeratria, according to the direc- 
tions of 3. 

h. A precipitate is formed. Tbis may contain narcotina., dnchonia, 
and also quina, compare § 241, 2, h, Filter, and treat the flltrate as 
directed § 242, 2, a, Wasb tbe precipitate with cold water, dissolve in 
a little hydrochloric acid, add ammonia in excess, and then a suffident 
quantity of ether. 

a. The precipitate which forma at ßrst upon the addition of tJie 
ammonia redissolves completely in tJie ether , and the clewr ßaid pre- 
sents two distinct layers, Absence of cinchonia ; presence of quina 
or narcotina. Evaporate the ethereal Solution, dissolve the residue 
in a little hydrochloric acid and a sufficient amount of water to 
make tbe dilution at least as 1 : 200 ; add bicarbonate of soda to 
neutralization, and allow tbe fluid to stand for some time. The 
formation of a precipitate indicates tbe presence of kabootika. 
Filter, and test tbe precipitate witb cblorine water and ammonia 
(§ 231, 6). Evaporate tbe flltrate, or the fluid if no precipitate has 
been formed, to dryness, and treat the residue with water. If part 
of it remains undissolved, wasb tbis, dissolve in hydrochloric acid, 
and add cblorine water and ammonia. Green color : quika. 

ß, The precipitate prodiiced hy tlis a/nvnumia does 'not redissoltje in 
the etiler^ or at least not completely : cinchonia. Quina or narcotina 
may also be present. Filter, and examine the flltrate for quina and 
narcotina as in a. The precipitate consists of cinchonia, and may 
be furtber examined according to § 233, 3. 
3. Wasb tbe insoluble residue of § 242, 2, a, with water, dry on the 
water-bath, and digest witb absolute alcohol« 
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0. It dissolyes completely : absence of stryclinia ; presence of (quina) 
brucia or veratiia. Evaporate the alcoholio Solution oa tbe water-bath 
to diyness, and, if quina has akeadj been detected^ divido tbe residue 
into two portions, and test one part for brucia, witb nitric acid and 
protocbloride of tin (§ 236, 6), and tbe otber for veratbia, by means of 
concentrated sulpburic acid (§ 237, 6) ; but if no quina bas as yet been 
detected, divido tbe residue into tbree portions, a, b, and c ; examine a 
and b for brücia and veratria, in tbe inanner just stated^ and o for quina, 
witb cblorine-water and ammonia. However, if brucia is present, dis- 
Bolve c in bydroobloric acid, add ammonia and etber, let tbe mixture 
stand for some time, evaporate tbe etbereal Solution, and examine tbe 
residue for quina. 

6. It doeanot dissolve, or at least not completdy : pi*esenoe of strychnia ;. 
perbaps also of (quina) brucia and veratria. Filter, and examine tbe 
filtrate for (quina) brucia and veratria as directed § 242, 3, a, Tbe 
identitj of tbe preoipitate witb strjcbnia is demonstrated by tbe reaction 
witb sulpburic acid and cbromate of potassa (§ 235, 7). 

4. Mix a portion of tbe original Solution witb bydroobloric acid, and 
boil tbe mixture for some time. The formation of a precipitate indicates 
tbe presence of salicine. To set all doubt on tbis point at rest, test tbe 
original substanoe witb concentrated sulpburic acid (§ 239, 3). 

Detection dp the Alkaloids, in Presence of coloring and 

EXTRACTIVE VeGETABLE OR AnIMAL MaTTERS. 

§ 243. 

Tbe presence of mucilaginous, extractive, and coloring matters renders 
tbe detection of tbe alkaloids a task of considerable difficulty. These 
matters obscure tbe reactions so mucb tbat we are even unable to deter- 
mine by a preliminary experiment, wbetber tbe substance under exami- 
nation contains one of tbe alkaloids we bave treated of in tbe foregoing 
paragrapbs, or not. I will now give several metbods by means of wbicb 
tbe Separation of tbe alkaloids from such extraneous matters may be 
effected, and tbeir detection be made practicable. Wbicb of these 
metbods to select will, of course, always depend upon tbe particular 
circumstances of tbe case. 

1. Stas's Method for epfecting the Detection op Poisonous 

. Alkaloids.* 

a. If you bave to look for tbe suspected organic bases in tbe contents 
of tbe stomacb or intestines, or in articles of food, or in pulpy matters 
in general, beat tbe suspected substance witb double its weigbt of strong 
alcobol, acidified witb from 0*5 grm. to 2 grm. of tartaric acid or 
oxalic acid, to from 158° F. to 167° F. Wben quite cold, filter, and wasb 
tbe undissolved part witb strong alcobol, adding tbe wasbings to the 
£ltrate. 

If you bave to deal witb tbe beart, liver, lungs, or similar organs, cut 
tbem into fine shreds, meisten witb tbe acid^ed alcobol, press, and 
repeat tbe same Operation, until tbe soluble parts are completely ex- 
tracted 5 collect tbe fluids obtained, and filter. 

♦ "Bulletin do TAcad^mie de M^decine de Belgique," IX. 304. "Jahrb. f. prakt. 
Pharm.," XXIV. 318. ** Jahi-esbericht" von LUUg imd Kopp^ 1861, p. 640. 

u2 
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h, Concentrate the alcoholic fluid at a temperature not exceeding 95° 
F., and, if no insoluble matter separates, contiuue to evaporate nearly to 
dryness. Conduct this process, either under a bell-glass over sulphuric 
acid, with or without rarefaction of the air, or in a tubulär retort, through 
which a current of air is passed. If fatty or other insoluble matters 
separate in the process of concentration, pass the conceiitrated fluid 
through a moistened Alter, and evaporate the flltrate nearly to dryuess, 
conducting the process, as above, either under a bell-glass or in a rebort. 

c. Digest the residue with cold absolute alcohol, fllter, wash the in- 
soluble residue thoroughly with alcohol, and let the alcoholic Solution 
evaporate in the air or in vacuo ; dissolve the acid residue in a little 
water, and add bicarbonate of soda as long as eflervescence ensues. 

d. Add to the mixture four or five times its volume of ether, and 
shake ; then allow it to stand at rest ; let a little of the supematant 
ether evaporate spontaneously in a watch-glass. If this leaves oily 
streaks upon the glass, which gradually collect into a drop, and 6mit, 
upon the application of a gentle heat, a disagreeable, pungent, and stifling 
odor, there is reason to infer the presence of a liquid volatile base ; whilst 
a solid residue or a turbid fluid, with solid particles suspended in it, in- 
dicates a non -volatile, solid base. In the latter case, the base may 
emit a disagreeable animal smell, but not a pungent odor, as with 
volatile bases. The blue color of reddened litmus paper is permanently 
restored. If no residue is lefb, add to the fluid some Solution of soda or 
potassa, and shake with repeatedly renewed ether, which will now dis- 
solve the base. It foUows from the assumption that the l^ases present 
will pass into the ethereal Solution, that Stas^s method is principally 
calculated for the detection of the poisonous alkaloids which are soluble 
in ether, though some of them only difficultly. The following are the 
vegeto-alkalies which Stas euumerates as discoverable by his method : 
Conia, Nicotina, A niline, Picoline, Petiuine, Morphia, Codeia» Bmcia, 
Strychnia, Yeratria, Colchicia, Delphia» Emetine, Solania^ Aconita, 
Atropia, and Hyoscyamia. 

a. 27iere is reaaon to infer the presence of a volatile base. 
Add to the contents of the vessel &om which you have taken the small 
portion of ether for evaporation in the watch-glass, one or two cabic 
centimetres of streng Solution of potassa or soda, shake the mixture, let 
it stand at rest, pour the supematant fluid into a flask, and treat the 
residue again three or four times with ether, until the last portion 
poured off leaves no longer a residue upon evaporation. Mix the ethe- 
real fluid with some dilute sulphuric acid until the well-shaken fluid 
manifests acid reaction; allow the mixture to stand at rest, decant 
the supematant ether from the acid aqueous fluid, and treat the latter 
once more with ether in the same way. 

aa. Mix the resichuil acid aoliUion (which may contain sulphates 
of ammonia, nicotina, aniline, picoline, and petinine, indeed which 
must contain these bases, if they are present in the examined sub- 
stances, since their Compounds with sulphuiic acid are quite inso- 
luble in ether ; and in which, if conia is present, the greater part 
of the latter alkaloid is also found) with concentrated Solution of 
soda or potassa in excess, and treat with ether, which will again 
dissolve the Uberated bases ; decant the ether, and leave it to spon- 
taneous evaporation, at the lowest possible temperature ; place the 
dish with the residue in vacuo over sulphuric acid. In this process 
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tbe ether and ammouia escape, leaving the volatile organic base 
behind in the pure State. The nature of the organic base is then 
finallj ascertained. 

bb. The ether decarUed from tlie acid Solution contains the animal 
matters which it has renioved from the alkaliue fluid. It leaves 
therefore, upon spontaneous evaporation, a trifling, faint yellow re- 
sidae of nauseous odor, which contaius also some sulphate of conia, 
if that base was present in the examined matter. 
ß, Hiere is reason to infer the presence of a solid base. 
Add a few drops of alcohol to the ethereal Solution obtained by treat- 
ing with ether the previously acid residues mixed either simply with 
bicarbonate of soda, or first with that reagent and then with Solution of 
soda or potassa (see c and d), and leave the mixture to spontaneous 
evaporation. If this fails to giye the base in a distinctly cry stalline 
form and siifficiently pure, add a few drops of water feebly acidified with 
sulphuric acid, which will usually serve to separate the mass into a fatty 
portion, adhering to the dish, and an acid aqueous Solution, which con- 
tains the base as a bisulphate. Decant or filter, wash with a little 
slightly acidified water, and eyaporate the Solution to a considerabl^ 
extent, under a bell-glass over sulphuric acid. Mix the residue with a 
highly concentrated Solution of pure carbonate of potassa, treat the mix- 
ture with absolute alcohol, decant, and let the alcoholic fluid evaporate, 
which will generally leave the base behind in a state of perfect purity or 
nearly so. 

This method, which gives very satisfactory results with alkaloids 
soluble in ether, and especially with volatile alkaloids, may lead to mis- 
takes in the case of those alkaloids which are insoluble or only sparingly 
soluble in ether, as, e. g., morphia, the Solution of which in caustic 
alkalies, when shaken with ether, will hardly yield any of the alkaloid 
to the latter fluid. Never neglect, therefore, to mix the alkaline fluid 
obtained in d — after repeated extraction with ether, and subsequent 
addition of some more Solution of soda, to dissolve the morphia, which 
may have separated, and after evaporation of the ether still present — ^ 
with a concentrated Solution of chloride of ammonium, and let the 
mixture stand in the open air. If morphia is present, it will separate in 
the form of crystals.* 

2. Merck*s Method dp effecting the Detection of all 

non-volatile alkaloids. 

Mix the substance under examination with concentrated acetic acid 
to strongly acid reaction, and let the mixture digest for several hours. 
Then strain the fluid from the solid part, squeeze the latter, and wash it 
with water acidified with acetic acid ; evaporate the whole of the fluid 
obtained to dryness on the water-bath. Boil the residue first with pure 
spirit of wine, then with spirit of wine containing some acetic acid ; 
evaporate the Solutions thus obtained nearly to dryness on the water- 
bath, dilute with water, add carbonate of soda to feebly alkaline reac- 
tion, evaporate to the consistence of syrup, and allow it to stand at rest 
for 24 hours ; then dilute again with water, and filter the fluid from the 
precipitate formed ; wash the latter with water, digest with concentrated 

* Otto — " iDStractions hov to deiect Poisons." The facta stated are fully borne out 
by the results of experiments made in my own laboratory. 
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acetic acid, dilute with water, and decolorize with pure blood charcoaL 
Examine the decolorized fluid in the usual way for the alkaloids. As 
the cbarcoal may retain alkaloids, do uot omit examining it by the 
metbod given below, in 3. 

3. Method op effecting the Detection op Strtchnia in Beeb, 

BT Gralia/m and ä. W, Hofvfumn* 

Tbis metbod, wbicb is based on tbe known fact tbat a Solution of a 
Salt of strycbnia, wben mixed and sbaken with animal cbarcoal, yields 
its strycbnia to tbe cbarcoal, will undoubtedly be found applicable also 
for tbe detection of otbcr alkaloids. Tbe process is condncted as fol- 
lowB : — 

Sbake 2 ounces of animal cbarcoal, witb balf-a-gallon of tbe aqueous 
neutral or feebly acid fluid under examination ; let tbe mixture 
stand for from 12 to 24 bours, witb occasional sbaking, filter, wasb 
tbe cbarcoal twice witb water, and tben boil for balf-an-bour with 
8 ounces of spirit of wine of 80 — 90 per cent., avoiding loss of aloobol 
by evaporation. Filter tbe spirit of wine bot from tbe cbarcoal, and 
distil the flltrate ; add a few drops of Solution of potassa to tbe residual 
watery fluid, sbake witb etber, let tbe mixture stand at rest, and tben 
decant tbe supematant etber. The etbereal fluid leaves, upon spontsr 
neous evaporation, tbe strycbnia in a sufficient state of purity to adniit 
of its further examination by reagents (see § 235). 



IL 

General Plan dp the Ordeb and Süccession in which 
substances shoüld be analtzed pcb ffiactice. 

It is not a matter of indiflerence wbetber tbe Student, in analyzing 
for tbe sake of practice, follows no rule or order wbatever in tbe seleo- 
tion of tbe substances wbicb be intends to analyze, or wbetber, on the 
contrary, bis investigations and experiments proceed systematically. 
Many ways, indeed, may lead to tbe desired end, but one of them 
will invariably prove tbe shortest. I will, therefore, bere point out a 
course wbicb experience bas sbown to lead safely and speedily to the 
attain ment of the object in view. 

Let tbe student take 100 Compounds, systematically arranged {see 
helow), and let bim analyze these Compounds successively in tbe order 
in wbicb they are placed. A careful and diligent examination of these 
will be amply sujQ&cient to impart to bim the necessary degree of skill in 
practical analysis. Wben analyzing for the sake of practice only, tbe 
Student must above all tbings possess the means of verifying tbe results 
obtained by bis experiments. The Compounds to be examined ought, 
therefore, to be mixed for bim by a friend who knows their exact com- 
positioxL 

A. From 1 to 20. 

Aqueous solutions of simple salts : e, g., sulpbate of soda, nitrate of 
lime, Chloride of copper, <fec. These investigations will serve to teach 
the Student the method of analyzing substances soluble in water, which 
contain but one base. In these investigations it is only intended to 

* "Chem. Soc. Quart. Joum.,»' V. 173. 
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ascertain which base is present in the flaid under examination ; but 
neither the detecüoii of the acid, nor the proof of the absence of all otlier 
böses besides the one detected, is required. 

B. From 21 to 50. 

SaLTS, ETa, CONTAINIXG ONE BASE AND ONE ACID, CR ONE METAL AND 

ONE METALLOID (in form of powder) : e. g.y carbonate of baiyta, berate of 
soda, pbosphate of lime, arsenites, Chloride of sodium, bitartrate of 
potassa, acetate of copper, salphate of baryta, chloride of lead, ko. These 
investigations will serve to teach the Student how to make a preliminary 
examination of a solid substance, by heating in a tube or before tbe blow« 
pipe j how to convert it into a proper form for analysis, t.6., how to dis- 
solve or decompose it ; how to detect <me metallio oxide, even in sub- 
stances insoluble in water ; and how to demonstrate the presence of one 
acid. The detection of both the base and the acid is required, but it is 
not necessaiy to prove that no other bodies are present. 

C. From 51 to 65. 

Aqueous ob acid soltttions of several BASES. These investigations 
will serve to teach the studentthe method of separatiDg and distioguishing 
several metallic oxides £rom each other. The proof is required that no 
other bases are pi*esent besides those detected. Ko regard is paid to the 
^acids. 

D. From 66 to 80. 

Dby mixtures of every description. A portion of the salts sliould 
be organic, another inorganic ; a portion of the Compounds soluble in 
water or hydrochloric acid, another insoluble ; e, g., mixtures of chloride 
of sodium, carbonate of Urne, and oxide of copper ;— of phosphate of 
inagnesia and ammonia, and arsemous acid ;-^of tartrate of lime, Oxalate 
of Hme, and sulphate of baryta ;-^f phosphate of soda, nitrate of ammonia, 
and acetate of potassa, &c, 

These investigations will serve to teach the student how to treat mix- 
tures of different substances with solvents ; how to detect several acids 
in presence of each other ; how to detect the bases in presence of phos- 
phates of the alkaline earths ; — and they will serve as a general intro^ 
duction to scientific and practical analyses. All the component parts 
must be detected, and the nature of the substance ascertained. 

E. From 81 to 100. 

Native COMPOUNDS, ARTiCLES op COMMERCE, &C. Mineral and 
other waters, minerals of every description, soils, potash^ soda, alloys, 
colors, &c 

III. 
Arbanqement of THE Besults of the Analtses performed 

FOR PrACTICE. 

The manner in which the results of analytical investigations ought to 
be arranged is not a matter of indifference. The following examples 
will serve to illus träte the method which I have found the most suitable 
in this respect. 
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Plan op abbanoikg the Eesults op Experiments, Nos. 1^20. 

Colorlesa fluid of neutral reaction. 



HCl 


HS 


NH^S 
no preetpUate, 


N H, 0, C 0, and 
NH.Cl 


no preeipitcUe, 


no precipitate, 


consequentlj no 


noPbO 


no Fe 


a wJdte precipitate, 


AgO 


«HgO 


„MnO 


consequentlj either 


Hg,0 


„CuO 


„NiO 


BaO, SrO, orCaO, 




,, Bi 0. 


„CoO 


no precipitate by 




„CdO 


„ZnO 


Solution of sul- 
pbate of lime. 










„ As 0. 


» M 0. 


consequently 




„ As 0, 


» Cr. 0, 


LIME. 




„ Sb 0. 


« 


Confirmation by 




„ Sn 0, 




means of 




„SnO 




ü 




« Au 0. 








«PtO. 








"I'e.O. 





Plan of arbanoing the Eesults dp Experiments, Nos. 21 — 50. 

White potvdeTy fusvng in tlie water of crystaUization upon appUcation of 
lieaty and ihen remaining unalteredr—aolublein water — reaction neiUral. 



HCl 

no preci- 
pitate. 



HS 

no preci- 
pitate. 



NH,S 

no precipi- 
tate. 



NH,0,CO„ 
andNH„Cl 
no precipi- 
tate. 



PO,, 2 Na O, HO and 
NH,0 

a white precipitate, 
consequently 

MAGNESIA. 



The detected base being MgO, and the analyzed substance being 
soluble in water, Gl, I, Br, SO,, N0„ 5, &c., are the only acids or 
metalloids that can be present. The preliminary examination has proved 
the absence of the organic acids and of nitric acid. 

Ba Gl produces a white precipitate which H Gl falls to dissolve ; con- 
sequently sülphübic acid. 
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IV. 



TABLE 

OF THB 

IklORE FREQUENTLY OCCURRING FORMS AND 
COMBINATIONS OF THE SÜBSTANCES TREATED OF IN THE 

PRESENT WORK, 

ABBAKOED 
WITH ESFECIAL SE6ABD TO THK CLA8S TO WHICH THET BE8PECT1VELT BSLOKa 

ACOOBDING TO THSIB 80LUBILITT 

IN WATEK, IN HYDROCHLORIC ACID, IN NITRIC ACID, 
OE IN NITROHYDROCHLOmC ACID. 



PRELDUNABY BBKARK8. 

The class to which the several Compounds respectively beloDg aooord- 
ing to their solubility in water or acids (see § 177), is expressed by 
figures. Thus 1 or I means a substance solable in water ; '2 or II a 
substance insoluble in water, bat solable in faydrochloric acid, nitric acid, 
or nitrobydrocbloric acid; 3 or III a substance insoluble in water, in 
hydrochloric acid, and in nitric acid. For those substances wbich stand 
as it were on the limits between the various classes, the figures of the 
classes in question are jointly expressed : thus 1 — 2 signifies a substance 
difficultly soluble in water, but soluble in hydrochloric acid or nitric 
acid ; 1 — 3 a body difiaculty soluble in water, and of which the solubility 
is not increased by the addition of acids ; and 2 — 3 a substance insoluble 
in water, and difficultly soluble in acids. Wherever tho deportment of 
a substance with hydrochloric acid differs matenally from that which it 
exhibits with nitric acid, this is stated in the notes. 

The Roman figures denote officinal and more commonly oocurring 
Compounds. 

The haloid salts and stdphur Compounds are placed in the oolumns of 
the correspondiug oxides. Tbe siilts given are, an a general rule, the 
neutral salts ; the basic, acid, and double salts, if officinal, are mentioned 
iu the notes ; the small figures placed near the corresponding neutral or 
simple salts refer to these. 
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Cjanogen, cbloric acid, citric acid, malic acid, beozoic acid, succinic 
acid, and formic acid, are of more common occurrence in combination 
with a few bases onlj, and bave tberefore been omitted from tbe table. 
The most j&equentlj occurring Compounds of these substances are : 
Cyanide of potassium I, ferrocyanide of potassium I, ferrioyanide of 
potassium I^ sesqui-ferrocjanide of iron (Prussian blue) III, ferrocyanide 
of zinc and potassium II — III, chlorate of potassa I, the citrates of the 
alkalies I, the malates of the alkalies I, roalate of sesquioxide of iron I, the 
benzoates of the alkalies I, the succinates of the alkalies I, and the 
formates of the alkalies I. 



INDEX OF THE BOLUBIIITI Ol : 





EO 


NaO 


NH.O 


BbO 


SrO 


CbO 


MgO 


AJ,0, 


MdO 


PeO 


Pe.O. 


CüO 


NiOli 










I 


1 


l-II 


II 


II 


2 


2 


II 


II 


U I 


s 

1 






I.. 


1 
I 
1 


1 
1 
1 


I-II 

1 
1 


S 

1 


I 


II 

r 
1 


n 
I 

1 


2 
In 

1 


2l, 
I 


I 


BO. 






Ii. 


III 


ni 


i-ni 


I 


I,-.. 


I 


I 


I 


I 




HO. 








1 


I 


1 


1 


1 


1 


1 


1 


I 




PO, 




I» 


1» 


s 


2 


"h 


2 




2 


2 


n 


2 




CO. 


I. 






n 


U 


11 


II 




II 


n 




2 




c,o, 


1, 






s 


3 


11 


2 


2 


2 


1-2 


1-2 


3 




BO, 


1. 






2 


2 


2 


2 


2 


2 


S 


2 


2 




A 








I 


1 


I 


1 


1 


1 


1 


I 


1 




T 


Ij,, 




I, 


3 


2 


n 


1-2 


1 


1-2 


1-2 


I. 


1 




A«0, 








3 


j 


2 


3 


2 


2 


2 


2 


2 




Art), 








5 


3 


S 








2 




2 




CrO, 








2 


2 


2 


1 


2 


1 




I 


3 





NOTES. , 

1. SoLPHATB of potassa and alnmina I. 

2, Bic&rbonate of potassa I. 

3, Binoxalate of potasaa I. 

4. Tartarized borux (bitartrate of potassa and borate of Boda) L 
6. Bitartrate of potassa I-II. 

6. Tartrate of potassa and ammonia L 

7. Tartrate of potassa and soda I. 

8. Tartrate of potassa and sesqnioxide of iron L 

9. Tartrate of antimony and potassa L 

10. Phosphate of soda and ammonia I. 

11. Bicarbonate of soda I. 

12. Sesquichloride of iron and chloride ofammoninm T. 

13. Sulphate of alumina and ammonia I. 

14. Basic phosphate of lime II. 

15. Snlphide of cobalt ia pretty readily decomposed by nitric acid,bBt 

very difQcultly by hydrochloric acid. This substance ii no^ 
officinal. 



BTJBSTANCES IN WAIEE OE AOIDS. 





CdO 


PbO 


SnO 


SüO, 


Bio, 


CnO 


Hg,0 


Ktf) 


AgO 


PtO. 


AuO, 


SbO, 


Cr.O, 




2 


n„ 
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2&3 
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II 
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II&III 
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II 
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2« 
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2« 
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I 


I,. 


n-iii 


I.. 


tu 
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1.7 


ifein 
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i-n 
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u 


II 
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so. 




ri-iii 
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1-2 
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I-II 
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PO. 
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II 
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1 


2 


2 


2 


2 


2 
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BO. 
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2 




OO. 




u-ur 
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1-2 


2 
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. The same applies to aulphide of tiiokel. 

. Stilpliide of EiDC is readily soluble in nitric acid, aomewhat more 
difficultly Boluble ia hydrochloric acid. 

, Minium ia converted by hydrochloric acid iato chloride of lead ; 
bj aitric acid into oxide, wkich rediasolves in aa excess of tlie 
acid, and into browa binoxida of lead, which is insoluble in 
nitric acid. 

. Trisacetate of lead I. 

. Proto- and biaulpbide of tin are decompoaed and dissolved by 
hydrochloric seid; by nitric aeid they are converted into 
binoxida, whicb is insolnble in an excess of the acid. Sub- 
limed bisulphide of tin dissolves on]y in nitrohydrochlorio 
acid. 

. Basic nitrate ofteroxide ofbismuth IL 

. Ammoniated oxide of copper I. 

. Sulphide of copper is difficiiltly deoomposed by hydroobloric aoid, 
but with facUity by nitric acid. 

. Chloride of copper and ammoninm T. 

. Sulpbate of copper and ammoaia I, 
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26» Baaic acetate of copper, partiallj soluble in water^ and completelj 
in acids. 

27. Basic nitrate of suboxide of mercmy and ammonia IL 

28. Ammonio-chloride of mercury II. 

29. Basic sulphate of oxide of mercury II. 

30. Sulphide of silver soluble onlj in nitric acid. 

31. Bisulphide of platinum is not affected bj hydrochloric acid, and 

but little bj boiling nitric acid ; it dissolves in bot nitrobydro- 
chloric acid. 

32. Bicbloride of platinum and cbloride of potassium 1 — 3. 

33. Bicbloride of platinum and cbloride of ammonium 1 — 3. 

34. Tercbloride of gold and cbloride of sodium I. 

35. Teroxide of antimony is soluble in bydrocbloric acid, but not in 

nitric acid. 

36. Tersulpbide of antimony and sulpbide of calcium I — IL 

37. Basic tercbloride of antimony IL 

38. Tarti*ate of teroxide of antimony and potassa I. 
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V. 



TABLE OP WEiaHTS AND MEASÜEES. 



ORAMMBS. 
1 
2 
3 

5 
6 

7 
8 
9 



GRAIKS. 

] 5-4346 

30-8692 

46-3038 

61-7384 

77-1730 

92-6076 

1080422 

123-4768 

138-9114 



DECia RAUMES. 
1 
2 

3 

4 
5 
6 

7 
8 



ORAIKS. 

1-5434 

30869 

4-6304 

6-1738 

7-7173 

9-2607 

10-8042 

12-3476 

13-8911 



ORNTIORAMMBS. 


ORAINS. i 


MILLIORAHUES. 


ORAINS. 


1 = 


= -1543 j 


1 = 


= -0154 


2 


•3086 ! 


2 


•0308 


3 


•4630 


3 


•0463 


4 


•6173 


4 


•0617 


5 


•7717 


5 


•0771 
•0926 


6 


•9260 


6 


7 


1-0804 


7 


•1080 


8 


1-2347 


8 


•1234 


9 


1-3891 


9 


•1389 


XKTRES. 


INCHES. 


DECIMETRES. 


INOHBS. 


1 = 


= 39-37 


1 = 


= 3-937 


2 


78-74 


2 


7-874 


3 


118-11 


3 


11-811 


4 


157-48 


4 


15-748 


5 


196-85 


5 


19-685 


6 


236-22 


6 


23-622 


7 


275-59 


7 


27-559 


8 


314-96 


8 


31-496 


9 


354-33 


i 9 


35-433 


CEKTIMETRES. 


INCHRS. 


MILLIMETRES. 


INCHES. 


1 


-3937 i 


1 = 


= -03937 


2 


•7874 j 


2 


•07874 


3 


1-1811 ! 


3 


•11811 


4 


1-5748 1 


4 


•15748 


5 


1-9685 1 


5 


•19685 


6 


2-3622 


6 


-23622 


7 


2-7559 


7 


•27559 


8 


3-1496 


8 


•31496 


9 


3-5433 


9 


•35433 



One kilogramme 
One cnbic ccntimctre 
One litrc 



15434 grains. 
0-0610 cubic inoh. 
61-0271 cubic inches. 
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PAOB 



A. 



Acetic add (as reagent) ... 26 
deportznent with reagents 164 
detection of, in simple Com- 
pounds . . 192, 195 
incomplex com- 



poonds 



220 
23 

183 
23 

288 
291 
198 
180 

78 



Acids as reagents 

Actnal examination .... 
Alcohol (as reagent) .... 
AlkaloidB, detection of 

in food, &c. 
Alkaline Solutions, examination of 
Allojs, examination of . . 178, 
Alumina, deportment with reagents . 
detection of, in soluble simple 

Compounds 187, 188, 193 

soluble complex 
Compounds 209, 210, 212 
insoluble complex 
Compounds . . . 
phosphate (see phosphate of 
alumina). 
Ammonia (as reagent) 

deportment with reagents 
detection of, in simple com 
pounds 

in complex com 

pounds 
in soils , 
in fresh waters 



in 



in 



222 



37 
68 

188 



216 
245 
234 



in mineral waters 240 

carbonate of (as reagent) . 45 

molybdate of (as reagent . 47 

Oxalate (as reagent) . . 43 

Anümony, detection o^ in alloys . 183 

propertiesof . . .109 

teroxide of, detection of^ in 

simple Compounds . 185 
in complex Compounds 205 
in Sinter deposits . 241 
in food, &c. . 256, 257 
deportment with re- 
agents . . . 109 
Apocrenic acid, detection of, in soils . 24 6 

in mineral waters 242 
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Apparatus and Utensils . . .16 

Arsenic, properties of . . .112 

acid, deportment with reagents 121 

produced from arsenious acid . 118 

the tersulphide 118 

Arsenious acid, deportment with re- 

agents 112 

Arsenious and arsenic acids, detection of^ 

in simple Compounds . 185 

in complex Compounds . 204 

in mineral waters . 237 

in food, &o. . . . 249 

Arsenious from arsenic acid, to distin- ' 

guish ..... 125 
Ashes of plants, animals, manures, 

&c., examination of . . . 261 

B. 

Baryta, detection of, in soluble simple 

Compounds . 188 
in insoluble simple 

Compounds . 197 
in soluble complex 

Compounds . 214 
in insoluble com- 
plex Compounds 222 
in mineral waters 238 
in sinter deposits . 240 
carbonate of (as reagent) . 51 
deportment o^ with reagents . 71 
hydrate of (as reagent) . . 60 
nitrate of (as reagent) . . 51 
water (as reagent) ... 38 
Bases (as reagents) .... 84 

Beaker glasses 19 

Benzoic acid, detection of, in simple 

Compounds . 192 
in complex Com- 
pounds . . 220 
deportment with reagents 163 
Bismuth, detection o^ in alloys . . 179 

in artides of 

food, &c. 256, 257 

properties of . 100 

teroxide, deportment o^ with 

reagents .... XOO 
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Bismathi teroxide, detection of, in limple 

Compounds 185, 186 
in complez Com- 
pounds 206, 207 
hydrated (as reagent) 40 

Blowpipe 12 

flame ... 14, 15 
Boradc acid, deportment, with re- 

agents . . 136 

detection of, in simple 
Compounds . .191 
in complex Com- 
pounds . 219 
in siUcates 229, 231 
in mineral wa- 
ters . . 238 
Borax (as reagent) .... 62 
Bromine, deportment with reagents . 146 
detection of . .190, 217 
Brucia» deportment with reagents . 285 
detection o^ in simple Com- 
pounds 289 
in complex Com- 
pounds . 291 

C. 

Cadminm, properties of . . . 101 
oxide, detection o^ in simple 

Compounds 184 
in complex 
Compounds 206, 207 
deportment with re- 
agents . . .101 
Garbon, detection o^ in Compound 

bodies . 223 

in Silicates . 229 

properties of . . . 142 

Carbonic acid, deportment with reagents 142 

detection of, in simple 

Compounds 189 

in complex 

Compounds 216, 221 

in soUs 244, 245 

in well and 

mineral waters 234, 235 

Cbarcoal for blowpipe experiments . 15 

Chloric acid, detection of . . 191, 218 

deportment with reagents 156 

Chloride of ammonium (as reagent) . 47 

of barium (as reagent) . . 50 

of calcium (as reagent) . 52 

of mercury (as reagent) . 55 

of silyer (as reagent) . . 64 

Chlorine (as reagent) .... 28 

deportment with reagents . 145 

detection o^ in soluble simple 

Compounds 190, 195 
in insoluble sim- 
ple Compounds 1 96 
in soluble com- 
plex Com- 
pounds . 217, 218 
in insoluble com- 
plex Compounds 

222, 224, 225 



PAOl 

Chloride, detection of, in soils . . 244 

in fresh and mi- 
neral waters . 233 
in Silicates 229, 230 
Chrome ironstone, analysis of . 225 

Chromic acid, deportment with reagents 1 28 
detection of, in simple 

Compounds 189, 194 

in complex Com- 
pounds 216, 219, 221 

in insoluble Com- 
pounds . . 225 
Chromium, sesquioxide, deportment 

with reagents ... 79 
detection of, in soluble sim- 
ple Com- 
pounds 186, 188 
in complex Com- 
pounds 209, 212 
Cinchonia, deportment with reagents . 282 
detection o^ in simple Com- 
pounds . 289 
in complex Com- 
pounds . 290 
Citric add, deportment with reagents . 159 
detection o^ in simple Com- 
pounds 191, 195 
in complex 
Compounds . 220 
Cobalt^ properties of . . . .86 
protoxide, deportment with re- 
agents 86 
detection of, in sim- 
ple oomponnds . 186 
in complex Com- 
pounds 210, 211 
nitrate (as reagent) . . 63 
Conia, deportment wi^ reagents . 278 
Copper (as reagent) • . . .40 
properties of . . . .98 
oxide, deportment with reagents 98 
detection o^ in simple Com- 
pounds • 185 
in complex 

Compounds 206 

in Sinter de- 

posits 241, 242 

sulphate (as reagent) . . 65 

Crenic acid, detection of, in soils . 246 

in mineral waters 242 

Crystallization 5 

Cyanide of potassinm ^as reagent) 

in the moist way 48 
in the dry way . 61 
Cyanides, insoluble in water, aniüysis of 226 
Cyanogen, detection of^ in simple Com- 
pounds • 190 
in complex Com- 
pounds 217, 218 



D. 



Decantation 
Deflagration 
Distillation 
Distilling apparatus 



8 
12 

9 
10 
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E. 



Ednlcoration S 

Ether (as reagent) .... 23 
Evaporation ^ 

F. 

Pemcyanide of potassium (as reagent) 49 
Ferricyanogen, detection of^ in simple 

Compounds . 190 
in complex Com- 
pounds 

217, 226, 227 
Ferrocyanide of potassium (as reagent) 49 
Ferrocyanogen, detection of, in simple 

Compounds . 190 
in complex 
Compounds 

217, 226, 227 

Filtering paper 7 

Stands . . . • 7 

Filtration ö 

Flame, parts of . . . • 13 
Fluoride of calcium (as reagent) . . 60 
Fluorine, detection of, in simple Com- 
pounds 190, 194 
in complex Com- 
pounds 218, 221 
in insoluble Com- 
pounds 222, 225 
in mineral waters 237 
in Sinter deposits 242 
in Silicates 229, 230 

Fluxing 11 

Formic acid, deportment with reagents 166 
detection of, in simple Com- 
pounds . 192 
in complex 
Compounds 220 

Funnels 7, 19 

Fusion 11 

G. 

Ghis-lamp 17 

G^ic acid, detection o^ in soils . . 246 
Georgina paper • ... 57 

Gold, properties of . . . .104 
detection of, in alloys . ,183 
terchloride of (as reagent) . .56 
teroxide, deportment with re- 
agents . . . 104 
detection of, in simple 

Compounds 186 
in -complex 
Compounds 205 

H. 

• 

Humic acid, detection of, in soils . 246 
Hydriodic acid, deportment with re- 
agents ..... 148 
Hydrobromic acid, deportment with re- 
agents . .146 
Hydrochloric add (as reagent) . . 27 

deportment with re- 
agents • .145 
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Hydrocyanic acid, deportment with re- 
agents . • 150 
detection of, in simple 

Compounds 190 
in complex Com- 
pounds 217, 218 
in organic mat- 
ters . . 257 
Hydroferricyanic acid, deportment with 

reagents . . • • • IM 
Hydroferrocyanic acid, deportment with 

reagents . . . • • 151 
Hydrofluoric acid, deportment with re- 
agents ..... 138 
Hydrofluosilidc acid (as reagent) . 29 

deportment with 
reagents . . 132 
Hydrosulphuric acid (as reagent) . 80 

deportment with 

reagents . 152 
detection of, in sim- 
ple Compounds 189 
in complex Com- 
pounds 

216, 217, 221 
in mineral waters 235 
Hypochlorous acid, deportment with re- 
agents . . . . • 104 
Hyposulphurous acid, deportment with 

reagents . . . - . 130 

I. 

Ignition lö 

Indigo Solution (as reagent) . . 58 
Inorganic bodies, detection of, in pre- 

sence of organic bodies . .247 
lodine, detection of, in simple Com- 
pounds 190, 194 
in complex Com- 
pounds 217, 225 
in mineral waters 239 
properties of . . . . 148 
Iren (as reagent) . . • .40 
properties of . . • .87 
protoxide, deportment with reagents 87 
detection of, in simple 

Compounds . 186 
in complex Com- 
pounds 210, 212 
in soils . . 244 
in well and mi- 
neral waters 

233, 237 
sulphate of protoxide (as reagent) 52 
sesquichloride (as reagent) . . 58 
sesquioxide, deportment with re- 
agents . . . . 89 
detection of, in simple 

Compounds . 184 
in complex Com- 
pounds 

201, 210, 212 
in Solls . 244, 245 
in well and mine- 
ral waten 233, 237 
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L. 

Lead, deportment with reagent« . 95 

oxide, detection of, insoluble simple 

Compounds 184, 185 
in inaoluble simple 

Compounds . 196 
in soluble oomplez 
Compounds 

198, 199, 201 
in insoluble oomplex 

Compounds 222, 228 

in organic matters . 256 

in Sinter deposits . 241 

acetate (as reagent) ... 54 

Linie, deportment with reagents . . 78 

detection of, in soluble simple 

Compounds . 188 
in soluble complex 

Compounds 214, 215 
in insoluble simple 

Compounds . 196 
in insoluble complex 

Compounds 222 

in soils . . 244, 245 

in well and mineral 

waters . 233 

sulphate (as reagent) . 51 

water (as reagent) ... 89 

Lithia, deportment with reagents . 70 

detection of, in mineral waters 239 

Litmus-paper 57 

M. 

Magnesia, deportment with reagents . 74 
detection of, in simple Com- 
pounds . 188 
in complex Com- 
pounds . 215 
in soils . 244, 245 
in well and mi- 
neral waters . 233 
sulphate of (as reagent) . 52 
Malic acid, detection of, 

in simple Compounds 192 

in complex Compounds 220 

deportment with reagent . 160 

Manganese, deportment of . . 83 

protoxide, detection of, in 

simple Compounds . 186 
in complex Compounds 209, 213 
in soils . . . 244, 245 
in well and mineral waters, 

237, 238 
protoxide, deportmentwith 
reagents ... 83 
Marsh*s apparatus . . . .115 
Mercury, detection of, in articlee of 

food, &c. . . . 256 
properties of . . . 94 
Chloride (as reagent) . ' . 55 
oxide, deportment with re- 
agents ... 97 
detection o^ in soluble 
simple com- 
\ pounds . 185 
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Mereory, oxide, detection of, in soluble 

complex Compounds . 207 
snboxide, deportment with 
reagents ... 94 
detection of^ in sim- 
ple Com- 
pounds 184 
in complex 
Compounds 198 
nitrate of (as re- 
agent) . . 54 
Metallic poisons, detection of, in ar- 

tides of food, &c. . . . 248 
Mineral waters, analysis of . . 235 
Molybdic add, deportment with re- 
agents 125 

Morplua, deportment with reagents . 279 
detection of, in simple Com- 
pounds . 289 
in complex Com- 
pounds . 290 

N. 

Narcotina, deportment with reagents . 280 
detection o^ in simple Com- 
pounds . 289 
in complex Com- 
pounds . 290 
Nickel, properties of . .84 

protoxide^ deportment with re- 
agents . . 84 
detection of, in simple 

Compounds 186 
in complex 
Compounds, 

210, 211 
Niootia, deportment with reagents . 277 
Nitric acid (as reagent) ... 25 
deportment with reagents . 155 
detection of, in simple Com- 
pounds, 191, 194 
in complex Com- 
pounds, 218, 221 
in soils . . 244 
in well and mi- 
neral waters, 

284, 289 
Nitrohydrochlorio acid (as reagent) . 29 
Nitrens acid, deportment with reagents 154 

0. 

Oxalic acid, properties of . . . 187 
deportment with reagents . 137 
detection of, in simple com- 

^ pounds, 190, 191, 198 
in complex Com- 
pounds . 218, 218 
Oxidizing flame ... .14 
Oxygen acids (as reagents) . 28, 24 

bases (as reagents) . 84, 85 

P. 

Palladium, protoxide of^ deportment 

with reagents . .108 
sodio-chloride as reagent . 56 
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Paratartaric aeid, deportment wiih re- 

agents 

Phosphate of soda and ammonia (as 

reagent) 

Phosphates of alkaline earihs, deteo- 
tion 0^ in simple Compounds 

inoomplezcompounds, 210, 221 
Phosphate of alamina, deteetion o^ 

in simple Compounds . . .193 

in complex Compounds . 212, 213 

Phosphoric acid, bibasic, deportment 

with reagents 

monobasio 

tribasic . 

deteetion of, in simple 

Compounds, 

190, 193 
in complex 
Compounds, 
213, 218, 221, 224 
in soils . 244 
in mineral 

waters, 233, 287 
in Silicates, 

229, 230, 231 



162 
63 



193 



135 
135 
132 



Phosphoms, properties of . 


132 


in articles of food, &c. . 


259 


Pinoers 


19 


Platinum, deteetion of, in alloys 


179 


properties of . 


105 


bichloride of (as reagent) . 


56 


binoxide of, deportment with 




reagents 


105 


deteetion in mm- 




ple Com- 




pounds 


186 


in complex 




Compounds 


205 


crucibles and their use 11 


, 19 


foll and wire . . IC 


, 19 


Porcelain dishes and crucibles . 


19 


Potassa (as reagent) .... 


35 


antimonate (as reagent) . 


46 


bichromate (as reagent) . 


46 


nitrite (as reagent) 


46 


sulphate (as reagent) 


43 


deportment with reagents 


66 


deteetion of, in simple Com- 




pounds . 


188 


in complex Com- 




pounds 215, 


216 


in well and mi- 




neral waters . 


234 


in Silicates 


230 


in soils . 


24*4 


Potassium, ferricyanide of (as reagent) 


49 


ferrocyanide of (as reagent) 


49 


sulphocyamdeof (asreagent) 


50 


Precipitation 


5 


Preliminary examination of solid bodies 


174 


of fluids 


179 



Quina, deteetion o^ in simplecompounds 289 



PAas 
Quina, deteetion of, in complex Com- 
pounds .... 290 
deportment with reagents . 281 

R. 

Bacemio acid, deportment withreagents 162 

Beagents 20 

Eeducingflame . • .14 
Betorta 19 

S. 

Salicine, deportment with reagents . 288 
deteetion of, in simple com- 

X)Ounds . . 288 
in complex Com- 
pounds . 290 
Selenious add, deportment with re- 
agents 129 

Silicates, analysis of . . . . 227 
Silicic acid, deportment with reagents 143 
deteetion o^ by the blow- 

pipe . . 178 
in soluble Com- 
pounds 187, 190 
in insoluble simple 

Compounds 193, 194 
in soluble complex 

Compounds 210, 219 
in insoluble com- 

plexcomponnds 222 
insoUs . 244, 245 
in well and mine- 
ral waters . 234 
Silver, deteetion o^ in articles of food, 

&c . . . . 266, 257 
properties of . . . .93 
oxide of, deportment with re- 
agents . . 93 
deteetion of, in simple 
Compounds, 

183, 196 
in complex Com- 
pounds 198, 222 
nitrate (as reagent) . 5ß 
Sinter deposits, analysis of • . 240 
Soda (as reagent) .... 35 
deportment with reagents . . 67 
deteetion of, in simple Compounds 188 
in complex Com- 
pounds . 215, 216 
in well and mineral 

waters . . 234 
insiUcates . . 230 
insoUs . . 244, 245 
acetate of (as reagent) . . 44 
biborate of (as reagent) . . 62 
carbonate of (as reagent) . . 44 
nitrate of (as reagent) . . 60 ' 
phosphate of (as reagent) . . 43 
sulphite of (as reagent) . .45 
and ammonia, phosphate of (as 

reagent) . • . .63 
and potaasa, carbonate of (as re- 
agent) 58 

Sodio.-protochloride of palladium (as 

reagent) 56 
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SoUs, analysis of . . . . 242 

Solubility, table indicatiiig degrees of . 800 
Solatioo ...... 3 

of bodies for analysis . .180 
Spirii-lamps . . . 16, 17 

Strontia, deportment with reagents . 72 
detectioD o^ in soluble simple 

Compounds . 188 
in insoluble simple 

Compounds 196, 197 
in soluble complex 

Compounds 
in insoluble com- 
plex Compounds 
in mineral waters, 
237, 
in Sinter deposits . 
Stryclinia, deportment with reagents . 
detection of, in simple Com- 
pounds . 
in complex Com- 
pounds . 

Sublimation 

Succinic acid, detection of, in simple Com- 
pounds 
in complex 
Compounds 
deportment with reagents 
Sulpbate of lime (as reagent) 
Sulphide of ammonium (as reagent) 
iron 

sodium (as reagent) . 
Sulphides, metallic, detection of, in sim 

plecompounds, 189, 194 
detection of, in com- 
plex Compounds, 
217, 

detection of, in Sili- 
cates . . 229 
Sulphocyanide of potassium (as reagent) 50 
Sulphur acids (as reagents) . 24, 80 
bases (as reagents) . 35, 41 
detection of, in insoluble com- 
plex Compounds 
properties of . . . 
Sulphuretted hydrogen (see hydrosul- 

pburic add) 
water (as reagent) 
Sulphuric acid (as reagent) 

deportment with re- 
agents 
detection of, in soluble 
simple Com- 
pounds 
in soluble com- 
plex Compounds 
217, 
in insoluble sim- 
ple Compounds 
195, 
in insoluble 
complex Com- 
pounds . 
in soils . 244, 



214 
222 

238 

240 
284 

289 

291 
11 

192 

220 
162 
51 
41 
80 
42 



221 



223 
152 



80 
24 

131 



189 



221 



196 



224 
245 
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Sulphuric acid, detection of, in well and 

mineral waters 233 
in Silicates 229, 230 
Sulphurous acid, deportment with re- 
agent 129 

T. 

Tartaric add (as reagent) ... 27 
deportment with reagent 158 
detection 0^ in simple com- 

compounds . 191 
in complex Com- 
pounds . 219 
Testtubes .... 19 

Tin, properties of . . . . 106 
binoxide, deportment with reagents 108 
detection of, in soluble sim- 
ple Compounds 184 
in soluble complex 

Compounds . 205 
in insoluble Com- 
pounds 222, 223 
in artides of food, 

&c. . 256, 257 
protochloride (as reagent) . . 55 
protoxide, deportment with re- 
agents . . . 106 
detection of, in simple 

Compounds 185 
in complex 

Compounds 205 

in articles of 

food, &c. 256, 257 

Titanic add, deportment with reagents 80 

Turmeric paper .... 58 

ü. 

ülmic add, detection of, in soils . 246 
Uranium, sesquioxide of, deportment 

with reagents .... 92 

V. 

Yeratria, deportment with reagents . 286 
detection of^ in simple Com- 
pounds . 289 
in complex Com- 
pounds . 291 

W. 

Washing 8 

bottles . . . 8, 19 

Water (as reagent) .... 22 

bath 9 

Waters, analysis of natural . . 231 

Well-water, analysis of . . . 232 

Z. 

Zinc (as reagent) . . . .40 
properties of . . . .82 
oxide of, deportment with reagents 82 
detection of, in simple Compounds 

187, 198 
in complex Compounds 

209, 210, 218 
in unter deposits . 241 
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DIGESTION AND ITS DEMNGMENTS. Post 8vo. cioth, lo.. ^d. 

DR. Q. C. CHILD. 

ON INDIGESTION, AND CERTAIN BILIOUS DISORDEßS 

OFTEN CONJOINED WITH IT. Second Edition. 8to. cloth, 6». 
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MR. H. T. CHAPMAN, F.R.C.S. 

THE TEEATMENT OF OBSTINATE TLCEKS AND CÜTA- 

NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT. Third 
Edition. Post 8yo. cloth, 3s. ßd, 

II. 

TARICOSE VEINS I their Nature, Consequences, and Treatment, Pallia- 
tive and Curative. Post 8vo. cloth, 3s. ßd. 



MR. J. PATER80N CLARK, M.A. 

THE ODONTALGIST; OE, HOW TO PßESERVE THE TEETH, 

CURE TOOTHACHE, AND REGULATE DENTITION FROM INFANCY 
TO AGE. Withplates. Post 8 vo. cloth, 5s. 
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DR. CONOLLY. 

THE CONSTRUCTION AND GOVERNMENT OF LUNATIC 

ASYLUMS AND HOSPITALS FOR THE INSANE. With Plans. Post8vo. 
cloth, 6s. 



^<^»*M>^»^Wtf^i»*^s<w>#»#tf^^ 



IMR. COOLEY. 

COMPREHENSIVE SUPPLEMENT TO THE PHARMACOPOEIAS. 

i THE CTCLOPiEDIA OF PKACTICAL EECEIPTS, AND COL- 

LATERAL INFORMATION IN THE ARTS, PROFESSIONS, MANU- 
FACTURES, AND TRADES, INCLUDING MEDICINE, PHARMACY, AND 
DOMESTIC ECONOMY ; designed as a Compendious Book of Reference for the 
Manufacturer, Tradesman, Amateur, and Heads of Families. Third and greatly 
enlarged Edition, 8vo. cloth, 26s. 

SIR ASTLEY COOPER, BART., F.R.S. 

ON THE STRUCTÜEE AND DISEASES OF THE TESTIS. 

Illustrated with 24 highly finished Coloured Plates. Second Edition. Royal 4to. 

Reducedfrom £3. 3«. to £1. 10«. 

MR. \A^. \A/HITE COOPER. 

ON WOUNDS AND INJUEIES OF THE EYE. iiiustrated by 

17 Coloured Figures and 41 Woodcuts. 8vo. cloth, 12s. 

ON NEAR SIGHT, AGED "siGHT, IMPAIKED VISION, 

AND THE MEANS OF ASSISTING SIGHT. With 31 Illustrations on Wood. 
Second Edition. Fcap. 8vo. cloth, 7s. 6rf. 



MR. COOPER. 

A DICTIONAEY OF PßAGTICAL SFRGEKY ; comprehending all 

the most interesting Improvements, from the Earliest Times down to the Present Period. 
Seventh Edition. One very thick volume, 8vo., IZ. 10s. 
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MR. HOLMES COOTE, F.R.C.8. 

A REPORT ON SOME IMPORTANT POINTS IN THE 

TREATMENT OF SYPHILIS. 8to. cloth, S». 
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LE\A/I8 CORNARO. 

SÜßE METHODS OF ATTAINING A LONG AND HEALTH- 

FUL LIFE. Thirty-eighth Edition. 18mo., 1». 

DR. COTTLE. 

A MANUAL OF HUMAN PHYSIOLOGY FOR STUDENTS; 

being a Condensation of the Subject, a Coniiervation of the Matter, and a Record of 
Facta and Principles up to the present Day. Fcap. Svo., 5$, 

DR. COTTON. 

ON CONSUMPTION: Its Nature, Symptoms, and Treatment. To 

which Essay was awarded the Fothergillian Gold Medal of the Medical Society of 
London. Second Edition. 8vo. cloth, üs. 

PHTHISIS AND THE STETHOSCOPE; OR, THE PHYSICAL 

SIONS OF CONSUMPTION. Second Edition. Foolscap Svo. cloth, 3a. 
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MR. CURLING, F.R.8. 

OBSERVATIONS ON DISEASES OF THE RECTUM. Second 

Edition. Svo. cloth, 5«. 

A PKACTIOAL TEEATISE o£ DISEASES OF THE TESTIS, 

SPERMATIC CORD, AND SCROTUM. Second Edition, with Additions. 8vo. 
cloth, I4s, 
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MR. JOHN OALRYMPLE, F.R.8, F.R.C.8. 

PATH0L06Y OF THE HUMAN EYE. Complete in Nine Fasdculi: 

imperial 4to., 20«. each; half-bonnd morocco, gilt tops, 91. 15s. 
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MR. C0UL80N. 

ON DISEASES OF THE BLADDER AND PROSTATE GLAND. 

The Fifth Edition, revised and enlarged. Svo. cloth, 10». &d, 

ON LITHOTRITY AND LITHOTOMY; with Engravings on Wood. 

8vo. cloth, 8«. ^ i 

MR. \A/ILLIAM CRAIG, L.F.P.S QLASQO\A^. t 

ON THE INFLUENCE OF VARIATIONS OF ELECTRIC 

TENSION AS THE REMOTE CAUSE OF EPIDEMIC AND OTHER 
DISEASES. 8to. cloth, 10». 



., THE 6ANGLI0NIC NERVOUS SYSTEM : its structu«, Function«, ! 

and Diseases. Svo. cloth, 9«. f 

ON THE NATURE AND PROXIMATE CAUSE OF IN- k 

SANITY. Post Svo. cloth, 3«. ^ 
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X DR. HERBERT DAVIE8. f 

ON THE PHYSICAL DIAGNOSIS OF DISEASES OF THE 

LUNGS AND HEART. Second Edition. Post 8vo. cloth, Ss, 

DR. HALL DAVIS. 

ILLUSTßATIONS OF DIFFICULT PAßTURITION. Post 8vo. 

doth, 6s. 6d. 
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DR. JOHN DAVY, F.R.8. 

FEAGMENTAEY REMAINS, LITERART AND SCIENTIFIC, 

of SIR HUMPHREY DAVY, Bart., LL.D., late President of the Royal Society; 
with a Sketch of bis Life, and Selections from bis Correspondence. 8vo. clotb, 10«. 6d. 



MR. D IXON. 

A GUIDE TO THE PEACTICAL STUDY OF DISEASES OF 

THE EYE. Second Edition. Post 8vo. cloth, 9s. 
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X DEMONSTRATIONS 0F° DISEASES '"iN THE CHEST, AND J, 

THEIR PHYSICAL DIAGNOSIS. lUustrated with Coloured Plates. 8vo. cloth, 
12s. 6rf. 



DR. TOOQOOD DO\A/NINQ. 

NEURALGIA: its varlous Forms, Pathology, and Treatment. The 
Jaoksonian Pbize Essay fob 1850. 8vo. clotb, 10s. 6d. 



l DR. DRUITT, F.R.C.8. 

^ THE SURGEON'S VADE-MECUM; with numerous Engravings on 
Wood. Eighth Edition. Foolscap 8vo. cloth \2s.6d. 
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MR. DÜNN, F.R.C.S. 

AN ESSAT ON PHYSIOLOGICAL PSTCHOLOGY. 8vo. cloth, 4». 
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DR. JOHN C. EQAN. 

SYPHILITIC DISEASES: their pathology, diagnosis, 

AND TREATMENT : including Experimental Researches on Inoculation, as a Diffe- 
rential Agent in Testing the Character of these Affections. 8vo. clotb, 9s. 
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SIR JAMES EYRE, M.D. 

THE STOMACH AND ITS DIFFICULTIES. Fourth Edition. 

Fcap. 8yo. cloth, 2s. 6d, 

PEACTICAL EEMAEKS ON SOME EXHAUSTING DIS- 

EASES. Second Edition. Post 8vo. cloth, 4s. 6d, 



T DR. FENWICK. t 



ON SCROFULA AND CONSUMPTION. Clergyman's Sore Throat, 
Catarrh, Croup, Bronchitis, Asthma. Fcap. 8to., 2s. 6d, 
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1 MR. FERQUSSON, F.R.S. 1 

A SYSTEM OF PRACTICAL SUEGEßY; with numerous lUus- * 

trations on Wood. Fourth Edition. Fcap. 8vo. cloth, 12«. 6d. 
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SIR JOHN FORBES, M.D., D.C.L. (OXON.), F.R.S. 

NATÜRE AND ART IN THE CURE OF DISEASE Second 

Edition. Post 8vo. cloth, 6s. 

MR. FO>A/NES, PH.D., F.R.S. 
I. 

A MANUAL OF CHEMISTEY; with numerous Illustrations on Wood. 

Seventh Edition. Fcap. 8vo. cloth, 12s. 6d, 
Edited by H. Bence Jones, M.D., F.R.S., and A. W. Hopmann, Ph.D., F.R.S. 

CHEMISTEY, AS EXEMPLIFYING THE WISDOM AND 

BENEFICENCE OF GOD. Second Edition. Fcap. 8vo. cloth, 48.6d, 

III. 

INTRODUCTION TO QUALITATIVE ANALYSIS. Post Svccioth, 2*. 



WM»»»^XM»#^>*«*MN<tf»^»»ww»<yi 



DR. D. J. T. FRANCIS. 



CHANGE OF CLIMATE ; considered as a Remcdj in Djspeptic, Pul- t 

monary, and other Chronic Affections; with an Account of the most Eligible Places of 
Residence for Invalids in Spain, Portugal, Algeria, &c., at difFcrent Seasons of the Year; 
and an Appendix on the Mineral Springs of the Pyrenees, Vichy, and Aix les Bains. 
Post 8vo. cloth, 8s. 6d. 
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DR. PATRICK FRÄSER. 

A TREATISE UPON PENETRATING WOUNDS OF THE 

CHEST. 8vo. cloth, S». 
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C. REMIQIUS FRESENIUS. 

ELEMENTARY INSTRUCTION IN CHEMICAL ANALYSIS, 

AS PRACTISED IN THE LABORATORY OF GIESSEN. Edited by Lloyd 

BULLOCK, F.C.S. 

Qualitative. Fifth Edition. 8vo. cloth, 98. 
Quantitative. Second Edition. 8vo. cloth, 16*. 

DR. FÜLLER. 

ON RHEUMATISM, RHEUMATIO GOFT, A3^D SCIATICA: 

their Pathology, Symptoms, and Treatment. Second Edition. 8vo. cloth, 12«. 6d. 
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DR. QAIRDNER. 

ON 60UT ; its History, its Causes, and its Cure. Third Edition. Post 
8vo. cloth, 85. 6d, 

MR. QALLONA/AY. 

1. 

^ THE FIRST STEP IN CHEMISTRY. Second Edition. Fcap. 8vo. .„ 

cloth, 58. i 

i A MANUAL OF QUALITATIVE ANALYSIS. Second Edition, i 

Ä Post 8vo. cloth, 4s. 6d, Ä 
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1 MR. F. 0. GANT. 1 

THE IRRITABLE BLADDER : its Canses and Curative Treatment | 

Post 8vo. cloth, 4«. 6d. \ 

MR. ROBERT QARNER, F.L.S. 

ETJTHERAPEIA ; or, an examination of the principles 

OF MEDICAL SCIENCE, including Researches on the Nervous System. Hlustrated 
with 9 EngravingB on Copper, and Engravings on Wood. 8vo. cloth, 8*. 
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DR. GRANVILLE, F.R.S. 

THE MINERAL SPRINGS OF VICHT : their Efficacy in the 

Treatment of Gout, Indigestion, Gravel, &c. 8vo. cloth, Bs, 

ON SÜDDEN DEATH. Post 8vo., 2*. ed. ' 
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MR. QRAY, M.R.0.8. 

PRESERVATION OF THE TEETH indispensable to Comfort and 

Appearance, Health, and Longevity. 18mo. cloth, 3s. 
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MR. QRIFFITH8. 

CHEMISTRY OF THE FOÜR SEASONS- Spring, Snmmer, 

Autumn, Winter. Hlustrated with Engravings on Wood. Second Edition. Foolscap 
8vo. cloth, 7s, 6d. 
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THE SIMPLE TREATMENT OF DISEASE; dednced from the 

^ Methods of Expectancy and Revulsion. 18mo. cloth, As, 

HOOPEE'S PHYSICIAN'S YÄDE-MECUM; OE, MANUAL OF 

THE PRINCIPLES AND PRACTICE OF PHYSIC. New Edition, considerably 
enlarged, and rewritten. Foolscap 8yo. cloth, 12«. 6d, 



GUT'S HOSPITAL REPORTS. Third Scries. Vois. i. to v., svo., 

7s, 6d, each. 

r 

DR. HABERSHON. 

OBSERYATIONS ON DISEASES OF THE ALIMENTAEY 

CANAL, (ESOPHAGUS, STOMACH, CiECUM, and INTESTINES. 8vo. cloth, 
10*. 6d, 



MAA ^^^r^M^VW^WW^ 




DR. MARSHALL HALL, F.R.S. 

PßONE AND POSTUEAL EESPIßATION IN DEOWNING 

AND OTHER FORMS OF APNCEA OR SUSPENDED RESPIRATION. 
*r Post 8vo. cloth. 5s, Mj 

PRACTICAL OBSERYATIONS AND SUGGESTIONS IN MEDI- 

CINE. JSetonÖ BtXie», Post 8vo. cloth, 8«. 6d, 
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DR. C. RADCLYFFE HALL. 

TORQUAY IX ITS MEDICAL ASPECT AS A RESORT FOR 

PULMONARY INVALIDS. Pott 8vo. cloth, 6». 
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MR. HARE, M.R.C.S. 

PEACTICAL OBSEEYATIONS ON THE PEEYENTION, 

CAUSES, AND TREATMENT OF CURVATURES OF THE SPINE ; with 
Engrayings. Third Edition. 8yo. cloth, 6«. 
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MR. HARRISON, F.R.C.S. 

THE PATHOLOGY AND TEEATMENT OF STEICTTJEE OF 

THE URETHRA. Second Edition. 8vo. cloth, 6«. 

MR. JAMES B. HARRISON, F.R.C.8. 

ON THE CONTAMINATION OF WATER BY THE POISON 

OF LEAD, and its Effects on the Human Body. Foclacap 8to. cloth, 3«. 6<;. 



DR. HARTNA/IQ. 
I. 
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MR. ALFRED HAVILAND, M.R.C.S. 

CLIMATE, WEATHER, AND DISEASE ; bebg a Sketch of the 

Opinions of the most celebrated Ancient and Modem Writers with regard to the Inflaence 
of Climate and Weather in producing Disease. With Four coloored Engrayings. 8yo. 
cloth, 7«. 
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MR. HARDNA^ICH. i 

A MANUAL OF PIIOTOGRAPHIC CHEMISTRY. F,fth 

Edition. Foolscap 8yo. cloth, 7«. 6d. 
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ON SEA BATHING AND SEA AIR. Fcap. 8vo., 2«. 6rf. 

ON THE PHYSIOAL EDUCATION OF CHILDREN. Fcap. f 

8yo., 2«. 6d. 

DR. A. H. HASSALL. 
I. 

THE MICEOSCOPIC ANATOMY OF THE HTMAN BODY. 

IN HEALTH AND DISEASE. lUustrated with Seyeral Hundred Drawings in 
Colonr. Two vols. 8yo. cloth, £1. 10«. 

II. 

THE URINE, IN HEALTH AND DISEASE ;• or, a Shnpie Ex- 

planation of the Physical Properties, Composition, and Uses of the Urine, of the Functions 
of the Kidneys, and of the Treatment of Urinary Disorderg. With Twenty-four En- 
grayings. Post 8vo. cloth, 58. 



T MR. >A^ILLIAM HAYCOCK, M.R.C.V.S. ? 

i A TREATISE ON THE PRINCIPLES AND PRAOTICE OF i 

Ä VETERINARY MEDICINE AND SURGERY, 8to. boards, 6». 6d. Ä 
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I ON THE ACTION Of"' MEDICINES" IN THE SYSTEM. 

Belog the Prize Essay to which the Medical Society of London awarded the Fother- 
gillian Gold Medal for 1852. Third Edition. 8vo. cloth, 12s. 6d. 

DR. HEALE. 

A TßEATISE ON VITAL CAUSES. Svo. cioth, 9.. 
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MR. HIQQINBOTTOM, F.R.8., F.R.C.S. 

AN ESSAY ON THE USE OF TEE NITRATE OF SILVEß 

IN THE CURE OF INFLAMMATION, WOUNDS, AND ULCERS. Second 
Edition. Price Ss. 

ADDITIONAL OBSEEYATIONS ON THE NITRATE OF SIL- 

VER; with füll Directions for its Use as a Therapeutic Agent. 8vo., 2s. 6d, 



MR. JOHN HILTON, F.R.S. 

^ ON TEE DEVELOPMENT AND DESIGN OF CEßTAIN POß- 

i\ TIONS OF THE CRANIUM. Illustrated with Plates in Lithography. 8vo. cloth, 6s. ] 

TEE EAßMONIES OF PBYSICAL ^SCIENCE IN ßELATION 

TO THE HIGHER SENTIMENTS; with Observations on Medical Stndies, and on 
the Moral and Scientific Relations of Medical Life. Post 8vo., cloth, 4s. 
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j DR. DECIMUS HODQSON. 

t THE PROSTATE GLAND, AND ITS ENLARGEMENT IN 3 

OLD AGE. With 12 Plates. Royal 8vo., cloth, Ss. 
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MR. JABEZ HOQQ. 

TEE OPHTBALMOSCOPE : an Essay on its vaJue in the Exploration 
of Internal Eye Diseases. Second Edition. Cloth, 3s. 6d» 

MR. LUTHER HOLDEN, F R.O.S. 

L 

BIJMAN 0STE0L06T : with Plates, showing the Attachments of the 

Muscles. Second Edition. 8vo. cloth, 16s. 

A MANUAL OF THE DISSECTION OF THE HUMAN BODY. 

12mo. cloth, 14s. 
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MR. C. HOLTHOUSE. 

ON SaUINTING, PARALTTIO AFFEOTIONS OF THE EYE. 

;P and CEKTAIN FORMS OF IMPAIRED VISION. Fcap. 8to. cloth, 4«. 6d. ) 

LECTURES ON STRABISMUS,"'deUTered at the Westminster Hospital. ' 

8vo. cloth, 4s. ' 
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• DR. >A^. CHARLES HOOD. 

SFGGESTIONS FOR THE FIJTÜRE PROVISION OF CRIMI- 

NAL LUNATICS. 8to. cloth, 6». 6d. 
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MR. P. HOOD. 

IE SUCCESSFUL TEEATMENT OF SCAELET FEVEE; 

also, OBSERVATIONS ON THE PATHOLOGY AND TEEATMENT OF 
CEOWING INSPIEATIONS OF INFANTS. Post 8vo. cloth, 6*. 



^^VVV^^V^V^^^A^^WA'^^^A 



DR. HOOPER. 

THE MEDIOAL DICTIONART ; containing an Explanation of the 

Terms uscd in Medicine and the Collateral Sciences. Eighth Edition. Edited by 
Klein Grant, M.D. 8vo. cloth, 30s. 
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MR. JOHN HORSLEY. 

A OATECHISM OF CHEMICAL PHILOSOPHY ; bemg a Famaiar 

Exposition of the Principles of Chemistry and Physics. With Engravings on Wood, jf 
Designed for the Use of Schools and Private Teachers. Post 8vo. cloth, ßs. 6d, 



DR. HUFELAND. 

fTHE AET OF PEOLONGTNG LIFE. Second Edition. Edited 
by Er ASM US Wilson, F.E.S. Foolscap 8vo., 2». 6d. 

MR. V^. OURTIS HUQMAN, F.R.C.8. 

ON HIP- JOINT DISEASE; with reference especiallj to Treatment 

by Mechanical Means for the Eelief of Contraction and Deformity of the Affected Limb. 
8yo. cloth, 3«. 6d, 
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DR. HENRY HUNT. 

ON HEARTBURN AND INDIGESTION. Svo. cioth, 5.. 
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DR. INMAN. 

THE PHENOMENA OF SPINAL lEEITATION AND OTHEE 

FUNCTIONAL DISEASES OF TUE NEEVOUS SYSTEM EXPLAINED, 
and a Eational Plan of Treatment deduced. With Plates. 8yo. cloth, 6«. 
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DR. ARTHUR JACOB, F.R.O.S. 

A TREATISE ON THE INFLAMMATIONS OF THE ETE-BALL. 

Foolscap 8vo. cloth, Bs. 



T DR. JAMES JAQO, A.B., CANTAB.; M.B., OXON. T 

rOCULAR SPECTRES AND STRÜCTURES AS MUTFAL EXPO- i 
NENTS. Illustrated with Engravings on Wood. 8vo. cloth, 5». Jl 
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MR. J. H. JAMES, F.R.C.S. 

PEACTICAL OBSEßYATIONS ON THE OPERATIONS FOE 

STRANGULATED HERNIA. 8vo. cloth, 5*. 

DR. BENCE JONES, F.R.S. 
I. 

MULDEE ON WINE. Foolscap 8vo. cloth, 65. 

II. 

ON ANIMAL CEEMISTET, in its relation to STOMACH and RENAL 
DISEASES. 8vo. cloth, 6*. 

DR. HANDFIELD JONES, F.R.S., So DR. EDNA/ARD H. SIEVEKINQ. 

A MMÜAL OF PATHOLOGICAL ANATOMY. niustrated with 

numerous EngraTings on Wood. Foolscap 8yo. cloth, 12«. 6<2. 
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MR. >A/HARTON JONES, F.R.S. 

A MANUAL OF THE PEINCIPLES AND PEACTICE OF 

* OPHTHALMIC MEDICINE AND SURGERY; illustrated with Engravings, piain t 

\ and coloured. Second Edition. Foolscap Bvo. cloth, 12». Qd, t 

THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, 

AS DISPLAYED IN THE SENSE OF VISION; being the Actonian Prize Essay 
for 1851. With Illustrations on Steel and Wood. Foolscap 8to. cloth, 4«. Qd, 

III. 

i DEFECTS OF SIGHT : thelr Natm-e, Causes, Prevention, and General ♦ 

T Management. Fcap. 8yo. 2«. Qd. ^ 

A CATECHISM OF THE MEDICINE AND STIEGERY OF 

THE EYE AND EAR. For the Clinical Use of Hospital Students. Fcap. 8vo. 2*. 6d. 

A CATECHISM OF THE PHYSIOLOGY AND PHU.OSOPHY 

OF BODY, SENSE, AND MIND. For Use in Schools and Colleges. Fcap. 8vo., 
2«. 6J. 
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MR. FURNEAUX JORDAN, M.R.C.S. 

AN INTRODUCTION TO CLINICAL SURGERY; WITH A 

Method of Investigating and Reporting Surgical Cases. Fcap. 8vo. doth, Sa, 



MR. JUDD. 

A PRACTICAL TREATISE ON URETHRITIS AND SYPHI- 

LIS : including Obscryations on the Power of the Menstruous Fluid, and of the Dis- 
charge from Leucorrhoea and Sores to produce Urethritis: with a variety of Examples, 
Experiments, Remedies, and Cures. 8vo. cloth, jCI. 5«. 

DR. LAENNEC. 

A MANUAL OF AUSCULTATION AND PERCUSSION. Trans- 

lated and Edited by J. B. Sharpb, M.R.C.S. 3s. 




18 MR. CHUKOHILT/s PÜBLICATIONS. 




DR. HUNTER LANE, F.L.8. * 

A COMPENDIUM OF MATERIA MEDICA AND PHAEMAOY ; 

adaptcd to tlie London PhannacojxL'ia, IJl.'il, embodying all thc new French, American, 
and Indian Medicinos, and also coinprising a Summary of Practical Toxicology. Second 
Edition. 24mo. cloth, 5«. GJ. 
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DR. LANE, M.A. 

HTDEOPATIIY; OR, IlYGIENIC MEDICINE. An Explanatoiy 

Essay. Second Edition. Post Bvo. cloth, 5«. 
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MR. LAURENCE, M.B., F.R.O.S. 

THE DIAGNOSTS OF SURGICAL CANCER. Tho Liston Prizo 

Essay for 18.54. Second Edition. Platcs, 8vo. clotb, 7«. 6d, 



MR. LANA/RENCE, F.R.8. 

A TßEATISE ON RUPTURES. The Fifth Edition, considerably 

enlarged. Bvo. cloth, 16«. 



DR. EDNA/IN LEE. 

I. 



THE EFFECT OF CLIMATE ON TüBERCTJLOUS DISEASE, ö 

with Notices of the chief Foreign Places of Winter Resort. Small 8vo. clotb, 5*. 6d. [ 

THE WATERING PLACES OF ENGLAND, CONSIDERED 

with Refcrencc to their Medical Topography. Fourth Edition. Foolscap 8vo. cloth, 
7t. 6d. 

III. 

THE BATHS OF GERMANI, FRANCE, & SWITZERLAND. 

Tbird Edition. Post 8to. clotb, 8a. 6d. 

THE BATHS OF RHENISH GERMANY. Post 8yo. cioth, 4*. 
HOM(EOPATHY AND HYDROPATHY IMPARTIALLY AP- 

PRECIATEI). With Notos illustrative of the Influence of the Mind over the Body. 
Fourth Edition. Post Bvo. cloth, 3». 6J, 
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DR. ROBERT LEE, F.R.8. 

A TREATISE ON THE SPECÜLUM; with Three Hundred Cases. 

Bvo. cloth, 4«. ÖJ, 

CLINICAL REPORTS OF OVARIAN AND UTERINE DIS- 

EASES, with Coramentaries. Foolscap Bvo. cloth, 6«. 6d. 

III. 

CLINICAL MIDWIFERT : comprising the Histories of 545 Cases of 

Difficult, Pretenmtural, and Complicated Labour, with Commentaries. Second Edition. 
Foolscap Bvo. clotb, Bs. 

IV. 

i PRACTICAL OBSERVATIONS ON DISEASES OF THE i 

♦ UTERUS. With coloured Plates. Two Parts. Imperial 4to., 7«. 6d, each Part. 

MR. LISTON, F.R.8. 

PRACTICAL SURGERY. Fourth Kditlon. 8vo. cloth, 22ä. 

- '^ * ... . _ . . . 
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MR. H. >A/. LOBB, L.S.A., M.R.C.S.E. 

ON SOME OF TUE MORE OBSCÜRE FORMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. With an 
IntroductioQ on the Physiology of Digestion and Assimilation, and the Generation and 
Distribution of Nerve Force. Based upon Original Microscopical Obsenrations. With 
Engravings. 8vo. cloth, lOs, 6d, 

LONDON MEDIOAL SOCIETY OF OBSERVATION. 

WHAT TO OBSERYE AT THE BED-SIBE, AND AFTER 

DEATH. Published by Authority. Second Edition. Foolscap 8vo. cloth, 4». Gd, 

M. LUG OL. 

ON SCROFULOUS DISEASES. Translated from the French, with 

Additions by W. H. Ranking, M.D., Physician to the Suffolk General Hospital. 
8vo. cloth, 10«. 6d, 

MR. M'CLELLAND, F.L.S., F.G.S. 

SKETCH OF THE MEDICAL TOPOGRAPHT, OR CLIMATE 

AND SOILS, OF BENGAL AND THE N. W. PROVINCES. Post Svo. 
cloth, is, 6d. 
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DR. QEORGE H. B. MACLEOD, F.R.C.S. (EDIN.) 

NOTES ON THE SÜRGERY OF THE CRIME AN WAR; with 

REMARKS on GUN-SHOT WOUNDS. 8yo. cloth, 10». 6d. 
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DR. MARCET. 

ON THE OOMPOSITION OF FOOD, AND HOW IT IS 

ADULTERATED; with Practical Directions for its Analysis. Bvo. cloth, 6s, 6d. 
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DR. MARTIN. 

THE UNDERCLIFF, ISLE OF WIGHT: its ciimate, History, 

and Natural Productions. Post Svo. cloth, 10s, 6d, 



DR. MARKHAM. 

I. 

DISEASES OF THE HEAET : THEIR PATHOLOGY, DUG- 

NOSIS, AND TREATMENT. Post. Svo. cloth, 6s. 

SKODA ON AUSCÜLTATION AND PERCUSSION. Post Svo. 

cloth, 6s, 
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MR. JOSEPH MAOLISE, F.R.C.S. 

I. 

StJRGICAL ANATOMY. A Series of Dissections, illustrating the Prin- 

icipal Regions of the Human Body. i 

The Second Edition, complete in XIII. Fasciculi, imperial folio, 5«. each. Bound in X 
cloth, £3. \2s.; or in morocco, £4. 4«. 

ON DISLOCATIONS AND FRACTURES. Tiiis Work is uniform 

with the Author's '* Surgical Anatomy;" each Fasciculus contains Four beautifully 
executed Lithographie Drawings. Complete in Nine Fasciculi, imperial folio, 5», each. 
Bound in cloth, £2. 10«.; or in morocco, £2. IBs, 
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MR. J. RANALD MARTIN, F.R.8. 



TUE INFLÜENCE OF TßOPICAL CLIMATES ON EURO- 

PEAN CONSTITUTIONS. Originally by the late Jamks Johnson, M.D., and now 
entircly rewritten ; including Praclical Obscrvations on the Diseases of European Invalids 
on their Retum from Tropical Climates. Seventh Edition. 8vo. cloth, 16«. 



DR. MASSY. 

ON THE EXAMINATION OF EECRUITS; totended for the Use of 

Young Mcdical Officcrs on Entering the Army. 8vo. clotb, 5«. 



DR. MAYNE. 

AN EXPOSITOET LEXICON OF THE TERMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including a com- 
plete MEDICAL AND MEDICO-LEGAL VOCABULARY, and presenting the 
correct Pronunciation, Derivation, Definition, and Explanation of the Names, Analogue», 
Synonymes, and Phrases (in English, Latin, Greek, French, and German,) employed in 
Science and connected with Medicine. Parts I. to VIII., price 5«. each. 



MR. MAUNDER, F.R.C.S. 

RICOßD'S LECTÜRES ON CIIANCRE. With Remarks on Perinaeal 

Section of Stricture of the Urethra. 8vo. cloth, 8*. 



4«. 6d. 

MR. JOHN L. MILTON, M.R.O.8. 

PRACTICAL OBSERYATIONS ON A NEW WAT OF 

TREATING GONORRHOiA. Witli some Remarks on the Cure of Inveterate Cases. 
8vo. cloth, Äs. .«w,-^.,.^— -*»«» 

DR. MONRO. 

I. 

REMARKS ON INSANITY : its Nature and Trcatment. 8vo. cloth, 6*. 

REFORM IN PRIVATE LUNATIC ASTLUMS. 8vo. cloth, 4*. 
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DR. NOBLE. 

ELEMENTS OF PSYCIIOLOGICAL MEDICINE: AN INTRO- 

DUCTION TO THE PRACTICAL STUDY OF INSANITY. Second Edition. 8vo. 
cloth, 10». 

THE IITJMAN MIND IN ITS KELATIONS WITH THE 

BRAIN ANI) NKRVOUS SYSTKM. Post 8vo. clotli, 4». 6</. 
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DR. MILLINQEN. 

. ON TEE TREATMENT AND MANAGEMENT OF THE IN- . 

A SANE; with Considerations on Public and Private Lunatic Asylums. 18mo. cloth, f 




MR. churchill's püblications. 







MR. NOURSE, M.R.C.8. 

TABLES FOE STÜDENTS. Price One Shilling the Set. 

1. Diyisions and Classes of the Animal Kingdom. 

2. Classes and Orders of the Vertebrate Sub-kingdom. 

3. Classes of the Vegetable Kingdom, according to the Natural and Artificial Systems. 

4. Table of the Elements, with their Chemical Equivalents and Symbols. 

MR. NUNNELEY, F.R.C.S.E. 
I. 

ON THE ORGANS OF YISION : their anatomy and phy- 

SIOLOGY. With Plates, 8to. cloth, 1 6». 

A TREATISE ON THE NATUEE, OAUSES, AND TEEATMENT 

OF ERYSIPELAS. 8to. cloth, 10«. 6d. 
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DR. ODLINQ. 

A COURSE OF PEACTICAL CHEMISTET, FOE THE USE 

OF MEDICAL STÜDENTS. Arranged with express reference to the Three Months' 
Summer Course. Post 8vo. cloth, 4s. 6d. 

TEANSACTIONS OF THE ODONTOLOGICAL SOCIETY OF 

LONDON. With Plates. Vol. I., 8vo. cloth, 8*. Sd, 
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DR PARK! N* 

THE CAUSATION AND PEEVENTION OF DISEASE. 

8yo. cloth, Bs, 
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MR. P A Q E T. 

, A DESCßlPTIVE CATAIOGUE OF THE ANATOMICAL , 

MUSEUM OF ST. BARTHOLOMEW'S HOSPITAL. Vol. L Morbid Anatomy. k 

'^ 8vo. cloth, 5s. * 

DITTO. Vol. II. Natural and Congenitally Malformed Structures, and Lists of the 
Models, Casts, Drawings, and Diagrams. 5s. 

MR. LANQ8TON PARKER. 

THE MODEEN TEEATMENT OF STPHILITIC DISEASES, 

both Primary and Secondary; comprising the Treatment of Constitutional and Confirmed 
Syphilis, by a safe and successfiil Method. Third Edition, Svo. cloth, 10s. 



MR. JAMES PART, F.R.C.8. 

THE MEDICAL AND SUEGICAL POCKET CASE BOOK, 

for the Registration of important Cases in Private Practice, and to assist the Student of 
Hospital Practice. Second Edition. 3s. 6d. 

T DR. THOMAS B. PEAOOOK. M.D. T 

ON THE INFLUENZA, OE EPIDEMIC CATAEEHAL FEVEE 

OF 1847-8. 8to. cloth, S«. 6(i. 
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MR. OLIVER PEMBERTON, M.R.C.8. J 

OBSEßVATIONS ON THE HISTORY, PATHOLOGT, AND | 

TREATMENT OF CANCEHOUS DISEASES. Part I. — Mblanosm. With 
coloured Plates. Royal ovo. cloth, 4«. Cd. 

DR. PEREIRA, F.R.S. 

SELECTA E PßiESCßlPTIS : with a Key, containingtho Prescriptions 
in aa Unabbreviated Form, and a Literal Translation. Twelfth Edition. 24mo. cloth, Bs, 
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MR. PETTIQRENA/. F.R.S. 

ON SUPERSTITIONS connected with the History and Practice of 
Medicine and Surgery. 8to. cloth, 7«. 



DR. PICKFORD. 

HYGIENE; or, Health as Depcnding upon the Conditions of the Atmo- 

gphere, Food and Drinks, Motion and Rest, Sleep and Wakefulncss, Secretions, 
Excretions, and Retentions, Mental Emotions, Clothing, Bathing, &c. 8to. cloth, 9«. 

MR. PIRRIE, F.R.S.E. 

THE PRINCIPLES AND PRACTICE OF SüßGERY. With 

ntuneroos Engrayings on Wood. 8vo. cloth, 21/>. 
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PROFESSORS PLATTNER So MUSPRATT- 

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. lUustrated 
by nomerous Engravings on Wood. Third Edition. Svo. cloth, 10«. 6d, 



THE PRESCRIBER'S PHARMACOPCEIA ; containing all the Medi- 

eines in the London Pharmacopoeia, arranged in Classes according to their Action, with 
their Composition and Doses. By a Practising Physician. Foorth Edition. 32mo. 
cloth, 2«. 6d,i roan tuck (for the pocket), 3«. 6d. 
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DR. JOHN RO>A/LISON PRETTY. 

AIDS DUßING LABOUß, Including the Administration of Chloroform, 
the Management of Placenta and Postpartum Heemorrhage. Fcap. 8vo. cloth, 4*. Gd. 

MR. LAKE PRICE. 

PHOTOGRAPHIC MANIPULATION: Treating of the Practice of 

the Art, and its yarious appliances to Nature. With Fifty Enfiravings on Wood. Post 
8to. cloth, 68. 6d. 






PHAßMACOP(EIA COLLEGII ßEGALIS MEDICOßUM LON- 

DINENSIS. 8vo. cloth, 9«.; or 24mo. 6t. 

f Imprimatur. ^ 

V Hie liber, ciii titulus, Pharm acop(Eia Collegii Reoalis Medioorum Londinbhsis. ▼ 

Datum ex ^dibus Collegii in comitiis censoriis, Novembris Mensis 14^ 1850. 

JOHAHHES AtRTON PARIS. PrCBSCS, 
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J 8IR WM. PYM, K.C.H. J 

OBSEEVATIONS UPON YELLOW FEVER, with a Review of 

"A Report upon the Diseases of the African Coast, by Sir Wm, Büänett and 
Dr. Brtson," proving its highly Contagious Powers. Post 8vo. 6s. 

DR. RADCLIFFE. 

EPILEPSY, AND OTHER CONVÜLSIVE AFFEGTIONS; their 

Pathology and Treatment Second Edition. Post 8vo. cloth, 7s. 6d. 
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MR. R AI N E Y. 

ON TEE MODE OF FORMATION OF SHELLS OF ANIMALS, 

OF RONE, AND OF SEVERAL OTHER STRUCTURES, by a Process of 
Molecolar Coalescence, Demonstrable in certain Artificially-formed Products. Fcap. 8vo. 
cloth, is, 6d, 

DR. F. H. RAMSBOTHAM. 

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI- 

CINE AND SURGERY. lUusü-ated with Oue Himdred and Twenty Plates on Steel 
and Wood; fonning one thick handsome volume. Fourth Edition. 8vo. cloth, 22s. 

DR. RAMSBOTHAM. 

PRACTICAL OBSERYATIONS ON MIDWIFERY, with a Seiection 

of Gases. Second Edition. 8vo. cloth, 12s. 
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DR. DU BOIS REYMOND. 

ANIMAL ELECTRICITY ; Edited by H. Bence Jones, M.D., F.R.S. 

1 With Fifty Engravings on Wood. Foolscap 8vo. cloth, 6s. 

DR. REYNOLDS. 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL 

CORD, AND THEIR APPENDAGES. «vo. cloth, 8s. 
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DR. B. \/V. RI0HARD80N. 

ON THE CAUSE OF THE COÄGÜLATION OF THE BLOOD. 

Being the Astlky Cooper Pkizb Essay for 1856. With a Practical Appendix. 
8yo. cloth, I6s, 

THE HYGIENIC TREATMENT OF PULMONARY CONSUMP- 

TION. 8to. cloth, &. 6d. 
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MR. ROBERTON. 

ON THE PHYSIOLOGY AND DISEASES OF WOMEN, AND 

ON PRACTICAL MIDWIFERY. 8vo. cloth, 12». 
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MR- \A/ILLIAM ROBERTS. t 

AN ESSAY ON WASTING PALST ; being a Systematic Treatise on I 

the Disease hitherto described as ATROPHIE MUSCULAIRE PROGRESSIVE. ^ 

With Four Plates. 8vo. cloth, 7s. 6d. 9 
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DR. W. H. ROBERTSON. 
L 

THE NATÜRE AND TREATMENT OF GOÜT. 

8yo. cloth, 10«. 6d, 
IL 

A TREATISE ON BIET AND REGIMEN. 

Fourtb Edition. 2 rols. post 8to. cloth, 12«. 
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MR. 8AVORY. 



A COMPEITOIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST ; comprising Piain Directiona for the Employ- 
ment of Medicines, with their Properties and Doses, and Brief Descriptions of the 
Symptoms and Treatment of Diseases, and of the Disorders incidental to In&nts and 
Children, with a Selection of the most efficacions Prescriptions. Intended as a Sonrce 
of Easy Reference for Clergymen, and for Families residing at a Distance from Profes- 
sional Assistance. Fifth Edition. 12mo. cloth, 5«. 
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DR. RO\A/E, F. S.A. 
L 

ON SOME OF THE MORE IMPORTANT DISEASES OF 

WOMEN and CHILDREN. Second Edition. Fcap. 8vo. cloth, it. 6d. 

II. 

NEEYOUS DISEASES, LIVEE AND STOMACH COM- 

PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS- 
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Fifteenth + 
Edition. Fcap. 8vo. 2s, 6d, ^ 

DR. ROYLE, F.R.S. 

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS. 

With numerous Engravings on Wood. Third Edition. Fcap. 8vo. cloth, 12«. 6d, 



MR. RUMSEY, F.R.C.S. 

ESSAYS ON STATE MEDICINE 8yo. cloth, lo*. 6./. 



DR. SOHAOHT. 

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE 

ANATOMY AND PHYSIOLOGY. Edited by Feedebick Cüreev, M.A. Fcap. 
8yo. cloth, 68, 

J DR. SEMPLE. I 

ON COUGH : its Causes, Varieties, and Treatment. With some practictl i 

Remarks on the Use of the Stethoscope as an aid to Diagnosis. Post 8yo. cloth, it. 6d, fl| 
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MR. SHA>A/, M.R.C.S. 

TEE MEDICAL EEMEMBRANCER ; Oß, BOOK OF EMER- 

GENCIES : in which are concisely pointed out the Immediate Remedies to be adopted 
in the First Moments of Danger £rom Poisoning, Apoplexy, Bums, and other 
Accidents; with the Tests for the Principal Poisons, and other usefiil Information. 
Fourth Edition. Edited, with Additions, by Jonathan Hutchinson, M.R.C.S. 32mo. 
cloth, 28, 6d. 






DR. SIBSON, F.R.S. 

MEDICAL AlfATOMY. With coloured Plates. Imperial Mo. Fasci- 

culi I. to V. 5». each. 



DR. E. H. SIEVEKINQ. 

ON EPILEPST AND EPILEPTIFORM SEIZURES: their 

Causes, Pathology, and Treatment. Post Svo. cloth, 7«. 6d, 



MR. SINCLAIR AND DR. JOHNSTON. 

PEACTICAL MIDWIFERY : Comprising an Account of 13,748 Deli- 

yeries, which occurred in the Dublin Lying^in Hospital, during a period of Seven Years. ^ 
^ Svo. cloth, 15s. 
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MR. ALFRED SMEE, F.R.S. 

GENERAL DEBILITY AND DEFECTIVE NUTRITION ; their 

Causes, Consequences, and Treatment. Fcap. Svo. cloth, 3s. 6d, 
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DR. SMELLIE. 1 

• ' OBSTETRIC PLATES : being a Selectlon from the more Important and * • 
Practical Illustrations contained in the Original Work. With Anatomical and Practical 
Directions. 8yo. cloth, Bs, 
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MR. HENRY SMITH, F.R.O.S. 

ON STRICTURE OF THE URETHRA. 8vo. cloth, 7*. 6d. 
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DR. >A/. TYLER SMITH. 

A MANUAL OF OBSTETRICS^ THEORETICAL AND PRAG- 

TICAL. lUiutnited with 186 Engravings. Fcap. 8to. cloth, 12s. 6d. 

THE PATHOLOGY AND TREATMENT OF LEUCORRH(EA. 

With Engravings on Wood, 8vo. cloth, 7*. 
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DR. 8NO>A^. 



ON CHLOROFORM AND OTHER ANiESTHETICS : their 

ACTION AND ADMINISTRATION. Edited, with a Memoir of the Author, by 
Benjamin W. Richardson, M.D. 8yo. cloth, 10s. 6d. 
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DR. 8TANHOPE TEMPLEMAN SPEER. 

PATHOLOGICAL CIIEMISTßY, IN ITS APPLICATION TO 

THE PRACTICE OF MEDICINE. Tranfelatcd from the Frencb of MM. Beoqübbel 
and RoDiXB. 8?o. clotb, 12«. 
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DR. 8PURQIN. 

LECTUEES ON MATERIA MEÜICA, AND ITS EELATIONS 

TO THE ANIMAL ECONOMY. DeUrered before the Royal College of PhyBician*. 
8to. cloth, 5«. 6d. 
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MR. 8TO\A/E, M.R.C.8. 

A TOXICOLOGICAL CHAIiT, exbibitlng at one View the Symptoms, 

Treatment, and Mode of Detecting tbe variou« Powons, Mineral, Vegetable, and AnimaL 
To whicb are added, concise Directions for tbe Treatment of Sospended Animation. 
Eleyentb Edition. On Sbeet, 2«.; momited on Roller, 5«. 
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DR. 8>A/AYNE. 

OBSTETRIC APHORISMS FOR THE USE OF STUDENTS 

COMMENCING MIDWIFERY PRACTICK Witb Engravings on Wood. Fcap. 



8to. clotb, Ss, 6d. 
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DR. 8TEQQALL. 
STUDENTS' BOOKS FOR EXAMIKATION. 

L 

A MEDICAL MANUAL FOR APOTHECARIES' HALL AND OTHEB MEDICAL 

BOARDS. Twelftb Edition. 12mo. clotb, lOs. 

IL 

A MANUAL FOR THE COLLEGE OF SUBGEONSj intended for the Use 

of Candidates for Ezamination and Practitioners. Second Edition. 12mo. clotb, 10«. 

IIL 

GBEGORY'S CONSPECTUS MEDICINiE THEORETIC^ The Firet Part, con- 

taining tbe Original Text, witb an Ordo Verborum, and Literal Translation. ]2mo. 
clotb, 10«. 

IV. 

THE FIRST FOUR BOOKS OF CELSUS; containing the Text, Ordo Verb- 

orom, and Translation. Second Edition. 12mo. clotb, 8«. | 

V. 

A TEXT-BOOK OF MATEEIAMEDICA AM) THEBAPEimCS. 12mo. cloth, 7«. 

VI. 

FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR EX- 

AMINATION AT THE PHARMACEUTICAL SOCIETY. Second Edition. 
18mo. clotb, 3«. Od. 



f MR. TAMPLIN, F.R.C.8.E. ♦ 

' LATERAL CÜEVATUEE OF THE SPINE : its Causea, Nature, and 

Treatment. 8yo. clotb, 4«. 
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DR. ALFRED S. TAYLOR, F.R.S. 

A MANUAL OF MEDICAL JUEISPRUDENCK Sixth Edition. 

Fcap. 8vo. cloth, 12s. 6d, 

II. 

ON POISONS, in relation to MEDICAL JURISPRUDENCE AND 

MEDICINE. Second Edition. Fcap. 8yo. cloth, 12s. 6d. 

MR. TEALE. 

ON AMPUTATION BY A LONG AND A SHOET EECTAN- 

OUIiAR FLAP. With EngniTings on Wood. 8vo. doth, fi». 

DR. THEOPHILUS THOMPSON, F.R.S. 

CLINICAL LECTUEES ON PÜLMONAEY CONSUMPTION. 

With Plates. 8vo. cloth, 7s. 6d. 

t LETTSOMIAN LECTUEES ON PÜLMONAEY CONSUMPTION ; 

' with Remarks on Microscopical Indications, and on Cocoa-nut OiL Post Bvo., 2s. 6d, 



DR. THOMAS. 

THE MODEEN PßACTICE OF PHYSIC ; exhibiting the Symp- 

toms, Causes, Morbid Appearances, and Treatment of the Diseases of all Clunates. . 
Eleyenth Edition. Revised by Algbrnon Frampton, M.D. 2 toIs. 8yo. cloth, 28s. 1 
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MR. HENRY THOMPSON, M.B. LOND., F.R.C.S. 

I. 

STEICTUEE OF THE UEETHEA; its Pathology and Treatment. 

The last Jacksonian Treatise of the Royal College of Surgeons. With Plates. Second 
Edition. 8yo. cloth, 10s. 

IL 

THE ENLAEGED PEOSTATE ; ita Pathology and Treatment With 
Observations on the Relation of this Complaint to Stone in the Bladder. With Plates. 
8yo. cloth, 7s. 6d. 



DR. TILT. 

ON DISEASES OF WOMEN AND OVARIAN INFLAM- 

MATION IN RELATION TO MORBID MENSTRUATION, STERILITY, 
PELVIC TUMOURS, AND AFFECTIONS OF THE WOMB. Second Edition. 
8yo. cloth, 98, 

THE CHANGE OF LIFE IN HEALTH AND DISEASE: a 

Practical Treatise on the Nervoas and other Affections incidental to Women at the Decline 
of Life. Second Edition. 8yo. cloth, 68, 
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DR. THUDICHUM. 

A TEEATISE ON THE PATHOLOGY OF THE üßlNE, 

Including a coniplete Guide to ita Analysis. With Plates, 8yo. cloth, 14«. 



DR. ROBERT B. TODD, F.R.8. 

I. 

CLINICAL LECTÜRES ON PARALTSIS, DISEASES OF THE 

BRAIN, and other AFFECTIONS of the NERVOUS SYSTEM. Second Edition. 
FooUcap 8yo. cloth, 6«. 

II. 

CLINICAL LECTÜRES ON CERTAIN DISEASES OF THE 

URINARY ORGANS, AND ON DROPSIES. Fcap. 8vo. cloth, 6«. 



MR. TOMES, F.R.8. 



i A MANUAL OF DENTAL SUEGEßT. With 2O8 Engrayings on ^ 
Wood. Fcap. 8vo. cloth, 12*. 6d, 9 



MR. SAMUEL TUKE. 



DR JACOBI ON THE CONSTßUCTION AND MANAGEMENT 

OF HOSPITALS FOR THE INSANE. Translated from the German. With In- 
troductory Obserrations by the Editor. With Plates. 8yo. cloth, 98. 
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DR. TURNBULL. 
I. 

AN INQUIßT INTO THE CUßABILITT OF CONSUMPTION, 

ITS PREVENTION, AND THE PROGRESS OF IMPROVEMENT IN THE 
TREATMENT. Third Edition. 870. cloth, 6«. 

II. 

A PEACTICAL TEEATISE ON DISOEDEES OF THE STOMACH 

with FERMENTATION; and on the Canses and Treatment of Indigestion, &c 8yo. 
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